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.more than experienced engineering, 


what goes , — more than parts, plans and programs. 


At Librascope, it is the ability to inte- 
anto a ; ‘ee grate components and brain-power into 
fi ma, workable computer systems for the 


computer : accurate translation of data. 


: Librascope engineers attain optimum 
system eoeeeees c= “ : “a system accuracy by weighing problems 
in terms of inputs available and outputs 


required to provide reliable answers. 


This process, from concept to reality, 
has unlimited room for expression at 
Librascope where facilities including 
field test and simulation laboratories 
cover hundreds of thousands of square 
feet ... where research—development of 
electronic, electro-mechanical, magnetic 
and optical computing techniques is a 
continuing, progressive program. 





What goes into a Librascope computer system represents the best 
A 


GENERAL 
PRECISION 


For information on career opportunities at Librascope, COMPANY 
write Glen Seltzer, Employment Manager. 


experience of two decades. For full details on how Librascope can 


anticipate and solve your computer and control problems, write... 








LIBRASCOPE, INC. * 808 WESTERN AVENUE ¢ GLENDALE, CALIF. « A Subsidiary of General Precision Equipment Corporation 
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Now...Stepless control of Electric Heat Input 


eee 


with L& N’s (new C.A.T. control system 


If your process uses electric heating equipment 
and your product is off-temperature due to cy- 
cling of heating elements at high temperatures... 
if excessive downtime and expensive replacement 
of worn-out contacts cut down production time 

. it’ll pay you to learn about L&N’s new Cur- 
rent-Adjusting Type control for continuous, ef- 
ficient power output in saturable core reactor 
systems. 


Already in use on applications like crystal 
growing and strip annealing, this control permits 
stepless regulation of power output over the 
entire operating range of saturable core reactors. 
Its rapid speed of response matches rapid changes 
in product temperature. The wide range of ad- 
justment of proportional, reset and rate actions 
facilitates tuning the system to your process, 
product and production. 

C.A.T. control is a complete system consisting of 
(1) a primary element, (2) Speedomaz® recorder, 
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(3) C.A.T. control unit, and (4) a magnetic am- 
plifier and saturable core reactor. 

Heart of the system is the C.A.T. control unit. 
Any temperature change, detected by the primary 
element and measured by the recorder, is fed to 
the control unit. Continuous d-c output of the 
unit over 0 to 5 ma range drives a magnetic am- 
plifier. The d-c output of the magnetic amplifier 
is fed to the control windings of a saturable core 
reactor for continuous regulation of power input 
to the process. 

If you’re modernizing your present electric proc- 
ess equipment or installing new—make use of our 
wide experience in providing temperature control 
systems for thousands of applications. For more 
information, contact your nearest L&N sales office, 
or write us at 4918 Stenton Ave., Philadelphia 44, 
Penna. Ask for Data Sheet ND 46-33(107). 


LEEDS NORTHRUP 
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ACCURACY 


Highest accuracy in rotating components is a 
CPPC fundamental. Our Precision Computing 
_ Resolvers are no exception. Without compen- 
_ sation, a recent production run of resolvers 
‘showed functional errors of 06% or less. Per- 
péndicularity of axes was +3’°in 360°. Due to 
extreme ‘symmetry of rotor and stator, nulls 
are excellent in these resolvers. Low phase 
shifts are also a feature. 


VERSATILITY 


CPPC Precision Computing Resolvers can be 
had with any of the following features: corrosion 
. .esistant construction, stainless steel or alumi- 
» num housing. Units to resist temperatures up to 








able in any or all units: resistive, feedback 
winding, thermistor. Types available for tran- 
sistor circuitry. Pin or screw terminals or lead 
wires. BuOrd type shafts and BuOrd MK 4 
Mod 0 brush block obtainable. 


PRICE AND DELIVERY 


We ask you to review what you are paying for 
precision computing resolvers. In the past CPPC 
has been able to lower traditional prices of 
rotary components. 

We are already tooled for many types of these 
resolvers and can make quick delivery in 
quantity or short run. Whenever you need any 
rotary component, think of CPPC. 

Call or write Sales Department, HIlitop 9-1200 





., 450° F. The following compensation is avail- (Suburban Philadelphia) or our Representatives. 
Manerrinne. fer «cores tn cotney comeniaenes aus ecmpeters, write Devid D. Brown, Personnel Director, Dept. N3 


CLIFTON PRECISION PRODUCTS CO., INC. 
CLIFTON HEIGHTS, PENNSYLVANIA 
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Published for engineers and technical management men who are responsible for 


the design, application, and test of instrumentation and automatic contro! systems 





Stabilizing the Queen Mary 
]. BELL of Muirhead & Co., Ltd., England, uses roll acceleration, stabilizer fin posi- 
tion and mean list signals to reduce roll from 18 deg peak to peak to less than 2 deg. 


A Fresh Look at Selecting Control Valve Characteristics 


]. E. VALSTAR of C. F. Braun & Co. introduces rules that permit selection of the 
optimum valve characteristic with respect to static and dynamic effects of disturbances. 


How Diodes Generate Functions 

E. J. GALLI of Sperry Gyroscope describes basic diode-resistor voltage-sensitive net- 
works leading to a universal diode function generator, and develops biasing techniques. 
Here’s a Way to Keep Track of System Errors 

S. C. MARCUS of Emerson Electric assigns subsystem and component tolerances 
at the outset, by a procedure that modifies according to performance and economics. 


Control System Test Equipment—I: Test Signal Generators 


A. M. FUCHS of Boonshaft & Fuchs discusses the general testing procedure and 
surveys seven commercially-available test signal generators in this first of three articles. 


Four Modern Control Systems for the Steel Industry 


P. A. TRAVISANO of General Electric Co. covers four types of steel industry control 
systems that are raising production rates, improving product quality, and cutting costs. 


Data File 24—Selecting Control Devices for Human Operators 
G. A. PETERS and S. MICHELSON of Psychological Research present a chart to 
guide in the selection of common control devices such as switches and pushbuttons. 


Using K-Capture to Analyze Products in the Plant 


A. BEERBOWER of Esso Research & Engineering Co. reviews the K-capture process, 
discusses equipment design and sampling problems, and describes in-plant applications. 





Logical Control of Sampling Saves Computing Time 
D. HAMMEL of RCA saves time in a check-out by sampling only the active sources. 


Force Balance Computes F-104A’s Speed 


L. KENDY of Topp Mfg. computes Mach number with trigonometric force-balance. 
Cross-Interlocking Protects Machine-Tool Clamps 
T. CAMERON of Sundstrand double-checks with a limit switch and a pressure switch. 


Tube Lengths Recorded Automatically 


Linear encoding system makes possible simple, accurate recording of steel-tubing length. 


Continued on next page * 
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What’s New in the Control Field 

Is it adaptive control, was prime question at symposium on adaptive flight controls. 
More advances in numerical control: K&T and G&L show new machine tools. 
Purdue-CtE Components Conference offers a rich menu for control engineers. 
Notes from the AIEE: a report on the new format for feedback control meetings. 
Cold cathode puts the vacuum tube back into competition with solid-state devices. 
Atomic scale weighs freight cars on the move and promises big savings for railroads. 
Instrument ideas spotted by European editor at National Physical Society's show. 
Control Personality-THOMAS C. WHERRY 

Oil industry control engineer eyes the payoff while campaigning for new instruments. 
Industry’s Pulse——Southwest Spawns New Ideas in Process Control 


CtE Editor Harry Karp reports on a visit to southwestern control makers and users. 
Editorial—Meetings Need Editorial Themes 

To be sure you get your money’s worth, be selective in attending technical meetings. 
New Product Developments 

Control system analyzer for testing feedback systems covers a range of 0.01 to 110 cps. 
Abstracts of Technical Papers 

The problem of controlling a multi-actuator system is similar to a problem in economics. 
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New Model 400C 


MODEL 400C 








ALL NEW, the CMC Model 400C is a reliable, economical in- 
strument for permanently recording digital data from counting, 
timing, frequency measuring, and data handling systems. 


EIGHT OPTIONS OFFERED 

Optional features which broaden the area of application for the 
CMC digital printer: 

¢ 10 line output for operating punches and electric typewriters ¢ an- 
alog output for driving strip chart and other pen type recorders 
© built-in inline readout for visual monitoring at a distance © accu- 
mulator for totalizing ¢ code converter to accept any digital code, 
Model 400C is compatible with any make of counting equipment 
® transistorized drive which accepts low voltage input ¢ an add- 
subtract solenoid which prints plus and minus numbers ¢ print-line 
identification for coding printout. 


See CMC at the IRE Show, New York, March 1959. Booth No. 1620 


CMC engineering representa- 
tives are located in principal 
cities. For more information 
on this versatile instrument, 
phone your nearby representa- 
tive or write directly to 

Dept. 083. 


O-NOAUDNDO 
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C3. 


New Standard Features 


Standard features designed to improve reliabi! 
ity and flexibility include elimination of stepping 
switches, 4 line per second printout, paraliei 
entry, and rugged unitized construction. 


Key Specifications 


Print-out capacity 6 digits standard, up to 12 on 
special order * Accuracy determined by basic 
counting instrument * Display time 0.2 seconds 
minimum, maximum controlled by the counter 
* Weight 64 Ibs. + Price $950. Add $10 for 
rack mount. 


Computer-Measurements 
Corporation 


5528 Vineland Ave. * No. Hollywood, Calif. 
Phone STanley 7-0401 * TWX: N HOL 8290 
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TRY THIS FRESH 
APPROACH 


to the measurement 
of displacement 


DISPLACEMENT 
TRANSDUCERS 


No longer are weak outputs a problem in 
the application of displacement transducers 
to the measurement or indication of 
mechanical movements electrically. 


You have a reliable source for displacement 
transducers— International Resistance 
Company—offering you a vastly superior 





precision product at a lower cost. 


Better Linearity—as low as 0.1% 

Better Sensitivity—2.0 MV/Volt 
Input/Mil at 60 cycles 

Linear Range: .005” to 4.0” 

Frequency: 50 to 20,000 CPS 

Null Voltage: 0.25% of total 
output, or less 

No moving parts to wear 

Longer, Infinite Life 

Resolution: Infinite 

Precision assured by close contro! at 
every step in manufacture 


Special designs available for: 
© High temperature (1200°F) 
. Ww 4 elieti Lee, 





© 120V. inputs; up to 50V. outputs 

© Zero temperature coefficient 

© Matched units for complete 
interchangeability 


For complete information including many 
more fo ae of IRC_ Displacement 
Transducers write for Bulletin R-3b. 


International Resistance Company 
COMPUTER COMPONENTS DIVISION 
Dept. 241, 401 N. Broad St., Philadelphia 8, Pa. 


in Canada: International Resistance Co., Ltd. 
Toronto, Licensee. 
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SHOPTALK 





Lunik drives us Loony 


We coudn’t tell you this story last month, because Shoptalk 
was already off the press by the time the plot started to unfold. 
Here was the picture: the February issue was closed, most of it 
was either already printed or on the press, and the editors 
could relax momentarily before starting the push for March, 
when along came a story on the Russian Lunik from the Bonn 
News Bureau that contained more detail than we'd ever 
been able to get on the guidance and control system of any 
U.S. missile. The question: could we still get it in February? 
A phone call told us that the last form in the magazine and 
the front cover hadn’t gone on the press yet. The relaxation 
period ended. A quick rewrite, a layout, and drawings and 
engravings made overnight gave News Editor Lew Young 
a package to carry to the printer the next morning. The 
result: a CtE exclusive, “How the Russians Put Lunik into 
Orbit”, on page 168 of the February issue. 


Conference program finalized 


Many a tasty morsel will be awaiting the control engineers 
who attend the Purdue-CtE Conference on Industrial Con- 
trol System Components, to be held at Purdue on May 4 
and 5. The program has been firmed up, and all the informa- 
tion on papers and authors is given on page 31. 


Control engineer designs and tests 


Abraham M. Fuchs (author of the series on control system 
test equipment, starting on page 116) has designed and tested 
enough control systems to know what he’s 
talking about. After receiving a BS in EE . 7 
from CCNY and a MS in EE at MIT, 

Abe designed control systems at the MIT 

DACL, Bendix Aviation Corp., Westing- 

house Air Arm Div., and CDC Control 

Services, Inc., then started his own business 

(Boonshaft & Fuchs, Inc.) in November 

1958. Abe’s also done his share of extra- 

curricular work in the control field, writing 

articles, chairing the program subcommittee of the AIEE 
Feedback Control Systems Committee, and teaching servo- 
mechanisms design. On top of all this, he spends part of his 
spare time trying to understand the individual’s motivation 
as explained by Freudian theories. 


A look ahead 


Here’s a sampling from the April issue: a three-part 
symposium on hot hydraulic and pneumatic control systems; 
details of the parametron—a new Japanese computing com- 
ponent; how to handle the effect of piping on valve per- 
formance; transistor-thyratron control of two-phase motors. 





CEC’s design capabilities and facilities for developing and producing 


complete missile — equipment is a matter of record. 
Typical of CEC’s ground support equipment are static and dynamic 
checkout units fot fel systems... propellant utilization exerciser 
systems...and electronic opgems for telemetry, inertial guidance, and 


control checkout. For full information, send for CEC Bulletin 3017-X3. 


Consolidated Systems 


— 
—_ 


CONSOLIDATED ELECTRODYNAMICS 300 N. Sierra Madre Villa, Pasadena, Calif. 


FOR EMPLOYMENT OPPORTUNITIES WITH tidbprocressive COMPANY, WRITE DIRECTOR OF PERSONNEL 


Propellant Utilization System Exerciser 
sequentially generates precise pressures 
for the fuel and oxidizer channels at 

25 preselected points on a scale from 
zero to maximum, making possible 
precise checkout. 


Pneumatic Checkout System is essentially 
@ go, no-go device that automatically 
pressurizes and tests missile pneumatic 
systems during storage and pre- 
countdown periods. Sensing units detect 
any malfunction, transmit signals 

to automatic comparator. 
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Built to 


military 


i$ #- Paleor- tae t-e 


PLUG-IN BOARDS — easily 
changed by unskilled 
personnel — virtually 
eliminate downtime 
and maintenance. 


oe 


transistoriced—dissipates only seven watts. 


Totally 

Drift less than 2 microvolts per 200 hours. 
Single ended or differential input. 

19” panel accommodates eight instruments. 
DC to 50,000 cps. 

Noise less than 10 microvolts wideband. 
Operates to specifications from 0 to 50°C. 
Self-contained power supply—operates on any 


line frequency from 50-400 cps. 


Mil-type chopper gives unmatched reliability 


for the life of the instrument. 


SPECIFICATION SUMMARY - MODEL A-12 


Single Ended Input 


Gain: Fixed gain set to any value from 10 to 1000 
inclusive by front panel plug-in units. Gain 
switching plug-in attenuator available with 
gains of 0, 10, 20, 50, 100, 200, 500 and 1000. 
Adiustable upward 24 to 1 or more from 


setting with potentiometer. 


Input Impedance: 100 megohms shunted by 0.001 mfd (typical). 


Source Impedance: 5K maximum. 


Drift: Less than 2 microvolts in 200 hours at constant 
ambient temperature. Less than 0.4 microvolt 


per degree centigrade. 
Ambient Temperature: 0° to 50°C. 


Noise (Referred to input): 0-3 cps 5 microvolts peak to peak. 
0-750 cps 5 microvoits rms. 
0-50 kc 10 microvolts rms. 


Frequency Response: + 3db to 50 ke (typical); + 1.0% to 2 kc. 
Output Capability: + 10 volts at + 100 ma DC or peak AC to 10 kc 


Common Mode Rejection: 








ALTITUDE — Non-operating A-12's 
were subjected to 1.6 psi (50,000’) 
for one hour, and then operated at 
6,000’ and at sea level pressures. 


Differential input 


Fixed gain set to any value from 10 to 1000 
inclusive by front panel plug-in units. Gain 
switching plug-in attenuator available with 
gains of 0, 10, 20, 50, 100, 200, 500 and 1000 
Adjustable upward 21% to 1 or more from 
setting with potentiometer. 


10,000 ohms. 


Less than 4 microvolts in 200 hours at constant 
ambient temperature. Less than 0.8 microvolt 
per degree centigrade. 
0° to 50°C. 
0-3 cps 10 microvolts peak to peak. 
0-750 cps 7 microvolts rms. 
0-50 kc 14 microvolts rms. 
+ 3db to 50 ke (typical); +1.0% to 2 kc. 
+10 volts at +-100 ma DC or peak AC to 10 kc 
100db at DC; 72db at 60 cps for common 
mode voltage up to 50 volts DC or peak AC 





Only Electro Instruments 
DC Amplifiers meet 
rugged military 
environmental tests! 


Totally-transistorized Model A-12's picked 
for ICBM Ground Support Equipment 


PLUG-IN ATTENUATORS provide a choice of 
differential, single ended, or operational 
inputs for maximum operator conveni- 

The photographs below were taken while eight ence, flexibility and economy. Special vari- 
Model A-12’s were undergoing environmental qualification ations, gain settings, etc., can be tailored 
tests by independent MIL-approved laboratories. to your system at no extra cost. 


7 


TEMPERATURE-—The A-12’s were SHOCK — The A-12's were ELECTRO INTERFERENCE - All 


operated at 50°C. +2° for 12 hours tests conformed to RADC Exhibit 
and at 0°C. for 12 hours, and after 2318A. 


storage at 70°C. and —40°C. for 24 
hours. 


Design and construction techniques of the Model A-12 Amplifier 
are fully two years ahead of the field! Totally transistorized circuits 
give the A-12 unmatched reliability and performance, and minimize 
heat dissipation problems inherent in vacuum tube instruments. 
Plug-in etched circuit boards and modular internal construction 
make servicing and maintenance checks easy—the amplifier can 
be disassembled and reassembled in less than 10 minutes. These 
advanced features enabled the Model A-12 to meet stiff military 
environmental qualification tests and resulted in their being selected 
for use in the ground support equipment of the nation’s most SMALLEST PACKAGE EVER! 
advanced ICBM program. Eight Model A-12’s can be 


mounted in standard 19” panel. 
Why not ask your E-I representative for the full story today? ' ; 


Electro Inst ts, I ember 
ectro instruments, inc. SAN DIEGO 11, CALIFORNIA 
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Stromberg-Carlson 


TELEPHONE QUALITY 


Relays 





. .. available immediately for any 
part of your operation that depends 
on electromechanical switching. 

Proven by many years of meeting 
the exacting requirements of the 
telephone industry, these twin-con- 
tact relays of unsurpassed reliability 
are available in many types. The 
following are representative: 

Type A: general-purpose relay with 
up to 20 Form “A” spring combina- 
tions. This relay is excellent for 
switching operations. 

Type B: a gang-type relay with up 
to 60 Form “A” spring combinations. 
Type BB relay accommodates up to 
100 Form “A” springs. 

Type C (illustrated): two relays on 
the same frame. A “must” where 
space is at a premium. 

Type E: has the characteristics of 
Type A relay, plus universal mount- 
ing arrangement. Interchangeable 
with many other makes. 

Complete details and specifica- 
tions on all Stromberg-Carlson re- 
lays are contained in our new relay 
catalog. Contents include: spring 
combinations, table of equivalents, 
contact data, variaticns and special 
features, plus complete mounting 
and cover information. 

The catalog is available on request. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


Telecommunication industrial Sales cy 


112 Carison Rd. * Rochester 3, N.Y. 
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FEEDBACK 





Filed for future reference 


To THe Epiror— 

The article, “Graphical Analysis of 
Hydraulic Servos”, which appeared in 
your April ’58 issue, describes the sort 
of work we’ve been doing recently. We 
recently built a test machine which ex- 
tensively involved hydraulic servos. As 
soon as someone says there is an easy 
way to analyze something, I’m always 
interested. 

I am saving this article as it will 
help us in the future in the design 
are of a new control system. It will 

elp in the selection of components. 

It is a general, theoretical design arti- 

cle—a “how-to” article with flexibility 
of use. 

Donald ]. Fritch 

Electronics Engineer 

Lessells & Associates Inc. 

Boston, Mass. 


One for the record 
To THE Epiror— 


Your Dec. ’58 issue is an outstand- 
ing publication and is a real accom- 
“rogeamge Readers of that issue might 
ike to know that the TAG chart you 
showed (page 71) is an adaptation of 
my development of the mechanization 
profile technique of comparing the 
degree of mechanization and automatic 
action in any type of physical system. 
The concept is based upon the identi- 
fication of 17 levels of mechanization 
and subsequent plotting of the level of 
each activity. The technique and re- 
sults in some eight or ten plants are 
given in detail in the book, Automa- 
tion and Management, published by 
the Div. of Research, Harvard Business 
School, Boston 63, Mass. 
James R. Bright 
Harvard University 
Boston, Mass. 


Wanted—traffic contro! literature 
To THe Evrror— 

I am inquiring about applications 
of “modern” computer and control 
systems to vehicular traffic problems. 
My concern is to locate pertinent arti- 
cles or books about or referring to such 
systems—more importantly, the mode 
of thought or “philosophy of ap- 
proach” to solutions of problems of 
that sort. 

Erwin Krieger 

Cincinnati, Ohio 

tions Research, the journal of 

the Operations Research Society of 
America, is a good source of informa- 
tion on philosophy and mathematical 


studies of traffic control. General Pre- 
cision Laboratories and IBM are 
among the business organizations that 
have studied the problem with com- 
puters (CtE, Jan. "59, p. 22). Ed. 


At 67 he wants to retread 


To tHe Epiror— 

Very impressed with your neat as- 
sembling of Conrrot ENGINEERING, 
I wish to get a copy of “Manual of 
Digital Techniques” and one of the 
special December ’58 issue on indus- 
trial modernization. Please start my 
subscription right now. 

I am 67, have just retired from 18 
years’ work as a control chemist, am re- 
turning to Ohio from Florida, and 
wish to take a course in engineering 
physics. I have an AB degree in in- 
organic chemistry and an AM degree 
in biochemistry. My work has included 
two years of research on vitamin C, 
for which I was made a member of 
the Louis Pasteur Society. 

Now please help me to select the 
best courses in engineering work, in- 
cluding physics, math, and other 
courses that best fit into control engi- 
neering work, to bring me up to date. 

Lewis M. McCormick 
Athens, Ga. 

And we thought that the control 
engineering field was a young man’s 
game! Ponce de Leon and McCor- 
mick searched Florida for the fountain 
of youth. The Spaniard never found 
it, but McCormick may, in the stimu- 
lus of the control engineering field. 

In his part of the country, he might 
investigate Case Institute, Ohio State, 
and Purdue. Ed. 


Wanted—100 lines per min printer 


To THE Epiror— 


To provide a continuous readable 
record of what is happening in shift 
production, we need a printer that 
will operate on simultaneous signals 
from a factory data readout system that 
feeds data to an IBM 523 card punch. 
We have looked without success for 
several months. 

The readout is “broadside” at the 
rate of 100 lines per minute, paced 
by the 523. The complete output of 
72 columns (containing two alpha- 
betics which could be dropped) could 
be reduced to 27 numeric characters 
per line, the really vital information. 

Because readout occurs only when 
job conditions change and at the 
end of each shift, the printer’s usage 





Super 7@Q¥s “On Stream |) a || 











Photo at right shows a 
turbine gland exhauster 
level control system with 
BS&B Level Control and 
Super 70 Control Valve. 








‘= BS&B CONTROLS... 
> “OnThe Job” At Conesville! 


Conesville No. 2, one of two new 125,000 KW steam- 
electric generating units for Columbus and Southern Ohio 
Electric Company, is now “on the line” at Conesville, Ohio. 

BS&B Controls make up an important part of the controls 
system of this plant, with Super 70 Control Valves installed in 
Heater Drain, Steam Reducing and Water Supply Services. 
BS&B Level, Pressure and Temperature Controllers also play 
an important role in this plant’s automatic operation. 

Conesville No. 1, a “sister” unit now under construction 
for C and SOE, is similarly equipped with BS&B Controls and 
will go into service sometime early this year. BS&B personnel 
worked closely with the staffs of C and SOE, and Ebasco Serv- 
ices Incorporated, Engineers and Constructors, in the design, 
application and operation of these control systems. 

Next time you have a new station “on the boards,” specify 
BS&B Controls right down the line. They’re dependable, effi- 
cient, and cut down maintenance costs. You’ll get application 
engineering assistance, too! 


Brack, Sivaiics s&s BRYSON, INC. 
Controls Division, Dept. 4-ES3. 
7500 East 12th Street Kansas City 26, Missouri 
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MINIATURE RECORDERS 


Square Model 85, in flush 
mount, weighs 16 Ibs. and is 
5%" square x 12%” deep. 
Slim models 86 (portable) and 
87 (flush) save half the width 
of standard recorders . 
measure 3%,” x 7%" x 8%,” 
and weigh only 9 Ibs. 


STANDARD RECORDERS 


Model 81 (portable) and 82 
(flush) are also available for 
wall and projection mounting 
+ « « take up to 3 channels. 
Weigh only 19 Ibs. and meas- 
ure 7%" x 9'%e" x 7%". 


STRIP CHART RECORDERS 


DOUBLE SIZE RECORDERS 


Models 83 (portable) and 84 
(flush) take up to 6 channels. 
Wall and projection mount- 
ing available. Chart width 
is 92". Measure 12%,” x 
9'%e" x 8%” and weigh 
only 26 Ibs. 


FEEDBACK 


will be low and therefore the typical 
higher-speed printers used with a 
computer cannot be economically justi- 
fied. 

If one of your readers knows of a 
unit which fills the broad gap between 
a high-speed printer and an electric 
typewriter, I would very much appre- 
ciate hearing from him about it. 

Harold F. Smith 

Advanced Mfg. Development 
Appliance & Television Receiver Div. 
General Electric Co. 

Louisville 1, Ky. 


If there were a printer that fitted 
your need, it would probably be too 
expensive. Since you need printout 
only at the end of each shift use a 
buffer storage and an automatic type- 
writer. But let’s see what other 
readers suggest. Ed. 


Wanted—more detail 
To tHe Eprror— 

We would like information on Case 
Histories 3 and 4, given by Donald 
W. Richmond of Monsanto Chemi- 
cal Co. and John R. Donovan of the 
same company, in Conrro.t ENcI- 
NEERING, the December ’58 issue. 

T. L. Douglas 
Lever Brothers, Ltd. 
Toronto, Canada 


Contact the two authors through 
T. J. Williams, Monsanto Chemical 
Co., Lindbergh and Olive St. Rd., St. 
Louis 24, Mo. Ed. 


This bouquet hides a thorn 
To tHE Eprror— 

Thank you very much for the spe- 
cial report, “A Team Reports on Con- 
trol Inside Russia” (November ’58 is- 
sue). I think that you and the other 
members of the AACC team are to 
be complimented for an excellent job 
of reporting on your recent visit 


Made under licensing agreements with one of Germany’s leading in- 
strument manufacturers . . . combine accuracy with ruggedness. abroad. I know in my case all too 


frequently the ideas and impressions 
that I acquire on a visit such as yours 
never are spread nearly as widely as 
might be desired. Certainly, with the 
depth of talent that you had on this 
team, we here in America are very 
much in your debt for presenting this 
accurate and up-to-date picture of 
what is going on in the control field 
in Russia. The speed with which 

you got out this report is simply amaz- 
ELECTRONICS DIVISION 


ing. 
e [ was also delighted to see that you 
WV had Professor Letov as your Control 
CORPORATION + CARLSTADT.N. J. Personality of the month. This was 
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Important features: Rectilinear Recording with patented linkage 
that translates angular meter motion into proportional straight line 
* Inkless and Ink Recording in One Unit * Three-Speed Transmis- 
sion plus 60:1 Speed Change from hours to minutes; provides six 
interchangeable speeds in all + 1% Accuracy for moving coil move- 
ment * Shock-proof movement . . . splash and dustproof steel cases. 


AC, DC, power and combination movements; wide choice of ranges 
and chart drives. Write for full information. 





Tung-Sol moves ahead! 


Fligh power transistors 
with new cold-weld seal 


Improved cold-weld seai 
gives new Tung-Sol 
high-power transistors 


three-way quality boost 


True hermetic, copper-to- 
copper seal improves transistor 
thermal characteristics. 


Elimination of heat-damage, 
heat-caused moisture and “‘splash” 
increase reliability. 


Vacuum-tight, moisture-proof 
cold-weld seal lasts even through 
“‘breathing”’ over long life operation. 


Once again Tung-Sol shows the way. Now, for the 
first time, Tung-Sol brings designers high-power 
germanium transistors with quality benefits of the 
advanced cold-weld seal. 

The new Tung-Sol types feature a stud-mounted 
package and maximum collector current of 13 
amps. Military environmental tests combine with 
the radioactive gas leak detection test to assure 
maximum reliability. 
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Photomicrograph (45X) shows circled area 
of cross section of Tung-Sol high-power 
ger i tr istor cold-weld seal. Note 
absence of seam, indicating actual integra- 
tion of copper molecules and a true, her- 
metic, copper-to-copper seal. 





Technological advancements such as this keep 
Tung-Sol ahead of the field. For full data on the 
new high-power switching transistors . . . to meet 
any need with the latest in transistor design and 
efficiency, contact: Semiconductor Division, 
Tung-Sol Electric Inc., Newark 4, New Jersey. 


AT THE IRE SHOW—BOOTHS 2833, 2835, 2837, 2839 
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e Fastere More accurate | 
« More economical | 


AUTOMATIC REDUCTION — 
of PDM FLIGHT TEST DATA 





The Epsco Mark | is an 

advanced integrated telemetry 

data reduction system designed to 

reduce PDM flight test into direct digital com- 

puter format — automatically and with unparalleled accuracy. 


Re b S ‘e) U te ¢ Accepts any IRIG PDM input signal — in “real time” 


or twice “real time” and any arbitrary time code 


‘@) o C U r @ | cy * Reduces data reduction time — no extra processing 

to go into computer format, can accept analog data at 
hetter than . ae 
twice original recorded speed 
g ¢ Provides automatic 0 and 100% correction 

¢ Identifies, indicates and/or eliminates bad data 
* Provides complete flexibility — completely independ 
ent digital recorder sub-system accepts digital data 
from any digital source 





* Provides optimum reliability and serviceability — 
via complete logic design, proven building block mod- 
ules, high quality components and construction 


€pse 


—/—First in data control 





For complete engineering information write for Mark | Systems Brochure, Systems Division, 
Epsco, Inc., 588 Commonwealth Avenue, Boston, Massachusetts. 
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FEEDBACK 


indeed fitting and appropriate and I 
am sure that the impression that you 
gave of the first vice-president of 
IFAC will serve to make him a more 
well-known personality to the many 
thousands of control engineers who 
read Controt ENcINEEerING. As I 
looked through the article on Letov, 
I failed to note any mention of his 
being first vice-president of IFAC 
or that he is chairman of the National 
Committee of the Soviet Union on 
Automatic Control, which will be re- 
sponsible for the First International 
Congress of Automatic Control to be 
held in Moscow in 1960. Although 
doubtless this will be brought to the 
attention of your readers as plans for 
the congress develop more fully, I 
hope that you will be able to identify 
Letov with the IFAC organization in 
the near future. 
Harold Chestnut 
Control Systems Engineer 
General Electric Co. 
Schenectady, N. Y 


Editorial space is tight; something 
always has to go. Professor Letov’s 
present title, as well as his next one, 
will receive full recognition when he 
takes over from Mr. Chestnut as presi- 
dent of IFAC. Ed. 


To perforate or not to perforate 


To tHe Eprror— 

I do not agree with perforating the 
feature section. It tears out entirely 
too easily! Why not use a smaller per- 
foration, if required, similar to the 
perforation used in Business Week? I 
for one, vote for smaller or no per- 
foration, so that I can keep all issues 
intact. 

George F. Rutter 
Seattle, Wash. 
To tHe Eprror— 

In Shoptalk of the January ’59 issue, 
you ask for comments on perforations 
for the feature section. I am in favor 
of some such aid for all articles. But 
even in the January issue I found it 
necessary to use a knife to cut out an 
interesting article. You have taken a 
good first step. 

Paul J. Blake 
Clairton, Pa. 


Oops. Our printer did not put the 
perforation bar in the folding machine 
before the big feature form was folded 
and trimmed. Our apologies. 

Letters from librarians indicate they 
dislike perforations. Because we 
adopted perforations so that you could 
more easily remove articles for your 
own use, we ask you—should we con- 
tinue to perforate or not? Ed. 





GPE Controls, Inc. presents 

an outstanding new advance in industrial 
automatic controls...the Rotojet® series 
of electro-hydraulic servo valves. 
Electrical input specifications include all 
ranges in current use. Total hysteresis 


is less than 0.2%. Single-stage output of 


4% g.p.m. at 1000 p.s.i. matches or exceeds 


most 2-stage units. rrequency response is 
32 c.p.s. No filtration necessary. Guaranteed 


reliability at lowest cost Wa Hi Vy: 





A 
Write for descriptive literature 
N 
G ae: ‘ y G E a b RA L GPE Controls, ING. (formerly Askania Regulator Company) 


PR E C IS I ON 240 East Ontario Street + Chicago 11, Illinois 
COMPANY 











A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 
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WORLDS 
FASTEST 
SWITCHING 
TRANSISTOR! 


MOTOROLA 
MESA 
2N695 Actua 


: ‘Y ‘ 


Co | 


250 Mc TIMING WAVE 


Nota: trrtsrte< Spe 400. 


SCOPE TRIGGER 





300°C HIGH VACUUM BAKE-OUT ASSURES EXTREME RELIABILITY OF 
MOTOROLA MESA TRANSISTORS. This is just one of the many extra steps y 
being taken to guarantee the integrity and reliability of the 2N700 (a 200 DELAY Lime E- — 








Tw 
MELIX 





mc amplifier) and the 2N695 (a 5 millimicrosecond switch). Incorporate 


150 








| 

| 

! 

these “transistors of the future” in your circuits, now! 
I 





2N700 UHF AMPLIFIER TRANSISTOR 2N695 ULTRA HIGH-SPEED SWITCH 
ee eee 1000 mcs BV... Min. . 18 volts 
PG (Neut.) ..14 db at 200 mcs ; tae 4.0 volts TEST CIRCUIT 
BV... @ 100 ya .... .33 volts Polen The above data is from an independent 
NF @ 200 mcs 9 db aeeRhsy test conducted by Edgerton, Germeshausen 


Max Power ... .75 mw at 25°C , 
& Grier, inc., Boston, Mass. 


ates sages 








Operating Junction temperature 


rete nae : , | Available “off the shelf” From these distributors 


see the : “DEPENDABLE QUALITY -IN QUANTITY : po Radio Specialties, HEmlock 7-0370 
BOSTON Cramer Electronics, COpiey 7-4700 
MOTOROLA MESAS 


MOTOROLA CAMDEN General Radio Supply bg 
at IRE BOOTH + SEMICONDUCTORS | inuaica, 


. Lafayette 1- 
LOS ANGELES Kieruiff Electronics, Richmond 
NO. 1106-6 7-0271 NEW YORK Milgray Electronics, REctor 
2-4400 Radio Wire Television, WOrth 6-5300 
EE OR ii OG LEE a Eimar Electronics; Higate 4-7011 
Radio Specialities, Alpine 8-6121 
REGIONAL OFFICES: MOTOROLA INC., 5005 E. McDOWELL, PHOENIX, ARIZONA SAN DIEGO San Delco, Crass 8-6181 
WASHINGTON, D. Electronic. | Sales, 

RIDGEFIELD, NEW JERSFY CHICAGO 44, ILLINOIS HOLLYWOOD 28, CALIFORNIA HUdson 3-5200. — 

540 Bergen Boulevard 4900 West Flournoy Street 1741 Ivar Avenue 
Whitney 5-7500 ESterbrook 9-5200 HOllywood 2-0821 


— 
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WITHOUT USING THE COMPUTER: 


A CONTROL PERSONALITY 


Thomas C. Wherry 





boosts the process payoff 


At Phillips Petroleum today, top management en- 
courages the use of new, advanced techniques of 
process instrumentation and control—with one pro- 
viso: the new tool has to pay off economically. ‘The 
man who’s been proving the economic worth of 
such new devices for the Bartlesville oil company 
is an outdoors-loving Scotsman, ‘Tom Wherry. 

As manager of Phillips’ newly-formed Instrumen- 
tation & Automation Branch (in the Process De- 
velopment Dept.), Wherry is interested in more 
than economics. His job, as he sees it, is to “figure 
out better ways to measure and control, to develop 
a workable system, to convince operating people 
to try out the system in the plant, and then to 
justify it for use at other Phillips installations”. 

For such a job, Tom Wherry has almost an ideal 
background. At Kansas State University in 1938, 
he received both BSEE and a BSChE degrees. He 
joined Phillips after graduation and has been with 
the oil company ever since. 

His first job was in the Production Dept. After 
a year, he transferred to the R&D Physics Div. for 
geophysical work. When World War II ended 
exploration, Wherry moved on to pilot plant and 
process design. It wasn’t until 1947 that Tom got 
his first introduction to instrumentation application. 

Transferred to the Instrument & Equipment 
Branch, Wherry found the oil industry, placed little 
emphasis on instrumentation. His experience with 
production and process design convinced him that 
his first task was to sell operating people on the 
benefits of advanced instrumentation. To do a 
real job, he found, requires a strong knowledge of 
both process and instrumentation—and the ability 
to spot control problems with economic payoff. 

Pursuing new concepts aggressively has taken time 
and has taught Wherry patience, a trait he feels is an 
essential for a process control engineer. As a tech- 
nical example, he points out that the span from suc- 
cessful operation of a new instrument in the lab- 
oratory to satisfactory operation in the plant can be 
a long, trying period. Back in 1947, to cite one case, 
Wherry started to improve negative-type infrared 
analyzers for plant use. It was six or eight years be 
fore the bugs were worked out and a large number of 
these devices were finally on-stream in Phillips’ re 
fineries. 

Today the company recognizes the role instru 
mentation can play in the profit picture. Under 
Tom’s guidance, the company has pushed successful 
in-plant application of infrared and ultraviolet an- 
alyzers, differential refractometers, and chromato- 
graphy. But pushing out frontiers has proved to 


have some disadvantages, too. Wherry campaigned 
strongly for Phillips’ widespread adoption of chro- 
matography even though it meant dropping a lot 
of hard-gained original work on the uses of the 
mass spectrometer. The chromatograph, Wherry 
believes, has and will have a better future for an- 
alysis of product streams in the petroleum industry. 

In further recognition of the importance of con- 
trol, Phillips set up the Instrumentation & Automa 
tion Branch on Jan. 1, 1959. ‘The new group will 
give Manager ‘Tom Wherry a better shot at some 
of the problems of the future. For tomorrow, he 
feels the control engineer needs to define some of 
his newly coined concepts (for example, systems en- 
gineering, automation, and computing-control) be- 
cause top management has to have these definitions 
to assure proper direction and emphasis. 

Wherry looks to activities of ISA to help clarify 
these concepts. Long an active member in the 
society, ‘Tom is now serving as technical vice-pres- 
ident, encouraging the presentation and publication 
of new developments. 

Wherry also believes that more effort will have 
to be expended to design for reduced maintenance. 
A lack of trained maintenance people, he feels, may 
slow up the introduction of advanced concepts and 
hardware. For despite his sincere interests in pro- 
moting the new concepts, Wherry never forgets 
what he says is the prime job of process control: to 
improve the process payoff. 
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WITHOUT USING THE COMPUTER: problem 
circuits are patched-up, coefficients dictated 
for entry on punched tape, and automatic . 
checkout tape prepared. * : 
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AT THE COMPUTER: punched tape 
entry, check-out and retrieval cut 
computer time drastically. , 








sores HOW TQ SOLVE 


MORE ANALOG PROBLEMS IN LESS TIME 


How Much Time 
Does a Computer 
Spend Computing? 


As analog computing problems become 
more complex, more time is spent set- 
ting up and checking the electrical ana- 
log, and less time actually generating 
solutions. When we consider that actual 
computation sometimes occupies less 
than 1% of total computer time, it 

omes evident that any method of 
speeding up or eliminating set-up and 
check-out tasks offers immense rewards 
—either by expanding problem-handling 
capacity or reducing the size and cost 
of an adequate installation. This month 
we wish to acquaint you with some of 
the time-saving techniques which have 
become practical with the introduction 
of digital control units. 


A Device for Reducing 
““Non-Computational" Time 


The EASE digital control unit, nick- 
named the “DO/IT” system, is more 
formally known as the “digital output/ 
input translator.” Because we know it 
best and because we believe it excels in 
general utility, we will talk about ways 
of using the DO/IT. A number of the 
techniques are applicable to other digi- 
tal control systems. 

In case you are unfamiliar with the 
DO/IT, it is a mechanism for entering 
and retrieving information via type- 
writer and punched tape. Its essentials 
are a Flexowriter coupled to the com- 
puter through a battery of telephone- 
type relays. The relays actuate a digi- 
tal-to-analog converter which, in turn, 
drives a servo-set potentiometer system. 
The DO/IT is capable of entering co- 
efficient pot settings, commanding the 
computer to assume any operational 
state, and reading out values at any or 
all points in the problem-solving circuit. 
Although designed for EASE comput- 
ers, the DO/IT will operate with other 
analog equipment. 

Keeping this in mind, let us point out 
some of the techniques that have proved 
to be enormous time-savers at our Los 
Angeles Computation Center. 


Eliminate Pot Set Error 


The trick is to screen out errors before 
approaching the computer, A punched 
tape and typewritten record of pot ad- 
dresses and desired coefficients is pre- 
pared in advance on a Flexowriter. This 
is checked and errors are corrected be- 
fore entry. How about errors in the 
servo setting? These are more unlikely, 
but to insure that they do not occur 
undetected, the DO/IT prints out the 
actual setting after each command and 
conscientiously prints the setting in red 
if it deviates more than 20mv from the 
command value, 


Locate Errors Quickly 


“Debugging” the computer (that is, 
checking the electrical analog to be sure 
it corresponds to the equations being 
solved) is often a lengthy and tedious 
procedure. Errors in mechanization and 
patching are easy to make and some- 
times difficult to locate. The best pro- 
cedure is to calculate the value of select- 
ed variables under one or two static 
conditions, then test the computer to see 
if correct voltages appear. 

For example, EASE 1100 Series com- 
uters have an operating condition 
nown as “Static Check.” In this condi- 

tion the problem-solving circuit is con- 
nected exactly as at the beginning of a 
computing run except that suitable volt- 
ages are substituted for the output of 
each integrator. Theoretical values un- 
der these conditions are calculated in 
advance from equations or from mecha- 
nization diagrams.The calculated values 
are entered on a punched tape together 
with instructions to compare these val- 
ues with those existing in the computer. 
The DO/IT makes the comparison: if 
calculated and actual values agree, it 
prints nothing; if there is a discrepancy, 
it prints the difference. An operator, 
scanning the printed record, can imme- 
diately pinpoint errors in patching and 
mechanization — in addition to errors 
created by possible faulty components. 
As an added insurance against error, 
this test may be supplemented by a 
similar check under initial conditions 
and a check made after an arbitrary 
computing time under “hold” condition. 

Because automatic scanning and 

printout makes it easy to check a prob- 
lem set-up, operating personnel are 
inclined to make frequent tests. These 
tests often expose errors which would 
cost hours or days of computer time if 
undetected. 


Program Survey 
Problems Automatically 


In survey problems, equations remain 
essentially the same while a few para- 
meters are changed from run to run. 
Solution of these problems can be speed- 
ed up by programing parameter changes 
on punched tape so that an entire series 
of computions will be run and recorded 
in rapid succession. 


Beckman’ 


Run Two Probiems 
“Simultaneously” 


Problem handling capacity can be effec- 
tively doubled if two shifts of workers 
can use the same computer. Often this 
is impractical because one shift does 
not wish to destroy the set-up left b 

the previous crew, nor are they well 
enough acquainted with the problem to 
proceed with its solution. Punched tape 
entry and retrieval offer a way out of 
this dilemma. Each crew works on a 
separate problem. At the end of a shift 
the people quitting work simply recor 

all settings on punched tape and pull 
out the patchboard. Those coming on 
shift insert another patchboard and 
enter the previous day’s setting via 
punched tape. In this way two projects 
can proceed simultaneously and with- 
out interference. 


Write for further information on the DO/IT 
system, or better yet, see it in operation at our 
Los Angeles Computation Center, 305 Parkman 
Ave., Los Angeles 26. Kenneth Tuttle, Director. 


The EASE digital control system, show- 
ing sturdy telephone-type relays which 
link flexowriter to digital-to-analog con- 
verter behind top panel, 


FASE COMPUTERS 
Mfd. by Berkeley Division, 


Beckman Instruments, Inc. 
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THOMAS A. 


EDISON 


resistance temperature detectors 
STABLE -ACCURATE :- FAST: SENSITIVE - RUGGED 


Here’s why they give you economical, long-life performance: 


* Simple operation. The Edison Resistance Temperature Detectors 
consist essentially of a piece of high-resistance wire. When variations 
in the temperature of the measured medium cause a change in the 
resistance of the wire, enough power is developed to operate an 
indicator or relay and no amplification is required. 


High-stability eliminates periodic calibration. Because 
fesistance wire is made from high-purity nickel and platinum. These 
metals are not subject to the contaminating effects of adverse at- 
mospheres. As a result, there is no need for periodic recalibration. 


Accurate. As evidence of the unmatched accuracy of the Resistance 
Temperature Detector, the U. S. Bureau of Standards uses a platinum 
wire detector for measuring temperatures between minus 300°F and 
~ = Standard Edison detectors. are available with accuracy 
of 0.5%. 


Rugged. Edison detectors are designed to Withstand the abuse, shock 
and vibration of industrial applications where other detectors can not 
survive. Typical of the tough jobs being handled by Edison detectors 
are sensing applications on the bearings of ore crushers, heavy con- 
veyors, pulverizers and both turbo-jet and reciprocating engine aircraft. 


For additional information write for bulletin RTD #3047. 


r 


SZ 
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applications and almost any type of service. They are 
compact, corrosion and vibration resistant. 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
EDISON FACTORY OFFICES ARE LOCATED IN: WASHINGTON — BALTIMORE; CHICAGO; DALLAS, DAYTON; LOS ANGELES 








Printed circuit construction 


Model 310 Edison Omniguvard with Model 311 Indicator — 
increases dependability. 


a single indicator can read any number of temperature points. 


THOMAS A. 


EDISON 


new model 310 omniguard 
temperature monitor... 
unmatched for versatility 


Highest quality , ; , 

components, with no The new Model 310 Edison Omniguard provides the simplest, most de- 

moving parts, assure ° ° P 

molatenance- free eporation. pendable temperature detection system yet devised... for both small and 
large installations. 


The Omniguard system is reliable... flexible...economical. You order only 
the plug-in units needed, add new units as your monitoring needs expand. 


Check these features of the new Edison Omniguard: 


1. VERSATILE: One instrument can be used for both normally open and 
normally closed annunciator...for alarm or for shutdown of equipment. 


2. FLEXIBLE: Quick, inexpensive system changes and additions . . . easy 
tie-in with any type annunciators or cut-off switches. 


3. DEPENDABLE: Rugged design with highest quality components, no 
fragile moving parts. 


4. SIMPLE: Single indicator reads any number of temperatures, needs no 
periodic adjustment. With a minute’s briefing, anyone can operate the simple 


Easy access to all components permits quick temperature Omniguard monitoring system. 
settings and monitoring system changes - at any time. 


5. LOW COST: Plug-in units can be custom-tailored to your exact require- 
ments . . . order additional units only when needed. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 
38 LAKESIDE AVENUE, WEST ORANGE, N. J. 


EDISON FACTORY OFFICES ARE LOCATED IN: WASHINGTON— BALTIMORE: CHICAGO: DALLAS; DAYTON: LOS ANGELES 
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MIT's reference model 
system applied to 
yaw orientational control. 














Roll stabilization 
( loop 















+ 


oll damping loop 


=— 


Interference forces 
and torques 


Aircraft yow 
angular 
velocity 
with respect 
to inertial 


space 
pe i 





‘ 


YS 


\xow orientational contro! loop 








Aircraft roll rate signal 











is it Adaptive Control? 


The experts can’t agree on a 
definition for it, but a so- 
phisticated form of feedback 
control—with big potential in 
the aircraft, missile, and 
chemical process fields — is 
one of the choicest develop- 
ments to watch. Here's what 
CtE heard at a special sym- 
posium on adaptive flight 
controls. 


DAYTON— 
The hottest subject in aircraft flight 
control today is adaptive controls. 
Proof of the interest: an unexpected 
turnout of over 450 control engineers 
at the Wright Air Development Cen- 
ter auditonum to hear a state-of-the- 
art report in a two-day special sym- 
sium. Probably generating the most 
eat was trouble over a definition: 
what is an adaptive controller? 
Capt. Raymond Rath, who has been 
roject officer for adaptive controls at 
ADC’s Flight Control Laboratory, 
offered the symposium the first defini- 
tion of an adaptive system: A system 
is adaptive when it maintains its per- 
formance throughout the flight with 
closed-loop control without external 
data, and requires a minimum of air- 
craft characteristics. 
Prof. John Truxal, who chaired a 
morning session, felt this was too spe- 
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cific. Truxal’s definition: A control 
system which is designed with an 
adaptive view. The Brooklyn Poly 
professor argued that all the systems 
discussed at the symposium (see 
schematics above and next page) were 
basically closed-loop-feedback systems. 
What was new was the viewpoint, 
which broadened the class of systems 
already in use. 

Finally, Space Technology Labora- 
tories’ Dr. John Aseltine, leading an 
afternoon session, offered three cri- 
teria for Truxal’s “adaptive point of 
view”: 

1. There must be a measure of 
system performance. 

2. There must be a means of con- 
verting performance into a number. 

3. There must be a means of using 
this number to change the system. 

Though failing to agree on a defi- 
nition, the gathering was almost 
unanimous in predicting that these 
new control systems have a big future, 
once basic studies are completed. 

¢ Wanted: more stability—Despite 
a three-year-old Air Force program 
to further them, adaptive flight con- 
trols are still in their infancy. The 
Air Force first became interested when 
pilots ran into control-system stability 
problems on supersonic aircraft. The 
change in environment as the aircraft 
speeded up from subsonic to super- 
sonic velocities was so large that it 
required practically different controls. 

WwW turned to adaptive controls 
for more stability and for a system 


that would be independent of environ- 
ment as well as independent of the 
characteristics of the airplane. The 
latter requirement opens up an inter- 
esting possibility. A control system 
independent of the characteristics of 
the aircraft could well be a universal 
control system, usable on any airplane. 

This, in fact, is the objective of a 
U.S. Army Signal Corps program. Lt. 
J. B. Gilmore told the symposium that 
the Signal Corps was preparing a 
Technical Requirement for a modular 
adaptive controller—a computer with 
sensing and gain-changing capabilities. 
The ultimate objective: a universal 
autopilot. 

Theoretical studies, the symposium 
heard, are also under way at the Ames 
Research Center of the National 
Aeronautics & Space Administration. 
The Ames approach: a high-gain sys- 
tem using an on-off controller. 

eMIT’s model reference—H. P. 
Whitaker of MIT’s Instrumentation 
Laboratory described a system which 
has reached the hardware stage and 
has been successfully flight-tested. 
The MIT engineer suggested that the 
name model reference system be ap- 
plied to this type of control. Its chief 
characteristic: the dynamic specifica- 
tions for a desired system output are 
embodied in an analog model. 

In operation, the command signal 
input to the control system is also fed 
to the model; the difference between 
the output signal of the model and the 
output quantity of the system is the 














response error. Minimizing this error 
under all operational conditions is the 
objective of the adaptive portion of 
the system. To do it, system loop sen- 
sitivities and compensation parameters 
are adjusted to null or minimize 
selected functions of the response error 
signal. Such an approach, said Whita- 
ker, avoids the uncertainties and design 
compromises that accompany open- 
loop, programmed adjustments of 
parameters. 

One advantage of the MIT ap- 
proach, said Whitaker, is it can be 
used to make any existing control 
system adaptive. Since the adaptive 
equipment merely makes adjustments 
to system parameters, failure of the 
adaptive equipment does not disrupt 
any of the signal paths of the system. 

All information required to adjust 
parameters is obtained from the input 
signals that result during normal 
operations of the system; no test 
inputs are used. 

¢Sperry’s performance computer— 
An entirely different concept was un- 
veiled by Sperry Gyroscope Co.’s S. S. 
Osder. According to Osder, three 
techniques are used: 1) linear negative 
feedback for passive adaptation, 
2) changing the controller's structure 
as a function of measured error, and 
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Switching 


Attitude 


AC dither 


3) measuring the closed-loop response. 

Behind this trio of techniques is 
the principle that airframe dominant 
poles can be overdamped by increas- 
ing the gain—if compensation elements 
in the flight control system are 
properly designed. As the gain is in- 
creased, autopilot poles become un- 
stable instead, and the frequency of 
oscillation increases. 

By sensing the frequency of oscil- 
lation the gain can be controlled and 
a predetermined frequency main- 
tained. To do the sensing, the system 
is pulsed periodically and the output 
of the actuator measured. A specially- 
designed rape computer de- 
termines if the oscillations are higher 
or lower than the desired frequency, 
then corrects the gain. 

In the computer, the pulse-excited 
oscillations are shaped into a series 
of fixed amplitude pulses, fed into a 
logic circuit in which the criterion 
for autopilot gain has been established 
as a number of output pulses during a 
given sampling period. A count (de- 
termined by a magnetron beam switch- 
ing tube) different than the established 
amount causes a gain adjustment. 

¢ M-H’s nonlinear relay—Still a third 
approach was described by three 
representatives of Minneapolis-Honey- 
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well: Hugo Schuck, D. L. Mellen, 
and L. T. Prince. A pioneering ver- 
sion has already been flight-tested inj 
an F-94C, supplying the background 
for an even more advanced three-axis 
system currently being designed for 
a 101A fighter aircraft. 

In the F-94C system, the input is 
applied to a model whose dynamic 
performance is exactly equal to the 
desired performance of the aircraft. 
The response of the model is then 
compared to the actual response of 
the aircraft; the difference becomes 
the input to a servo. By making the 
gain of the servo high enough, the 
response of the aircraft becomes 
identical with that of the model. The 
adaptive system boosts this gain. 

Linear servo systems proved unsatis- 
factory because they become unstable 
at such high gains. So M-H tried 
nonlinearity of the most extreme 
form: the “bang-bang-type”, in which 
full available power is applied one 
way or the other, depending on the 
direction of the switching order. The 
key component is a relay. Several 
techniques had to be developed to 


Minneapolis-Honeywell’s nonlinear bistable elements. 


Aircroft 











Rate gyro 











Goin changer operation 












Impulse 
response 


MARCH 


1959 23 

















MUIRHEAD 


LINEAR VARIOMETERS 





Ss 2 


SIZE II 
LINVAR 


liMI6AlI 


PATENTS IN MANY COUNTRIES 























OUTPUT VOLTAGE 



































See? 

















80 60 40 
ROTOR ANGLE 


This small size, low 

weight Linvar housed 

in a standard BuOrd 

size 11 synchro frame 

has a voltage output 

proportional to the 

rotor angle. The linear relationship extends for +4-85° from the zero output position and 
is achieved by a special patented design of the rotor and stator laminations which gives a 
smooth variation of output voltage devoid of any fluctuation due to tooth ripple. If the 
rotor output is biased by a suitable voltage of the same frequency and phase it is possible to 
obtain zero output in one extreme position and a linear relationship over a range of 170 
from this point. The Linvar can be applied to satisfy the requirements of analogue com- 
putation, remote control or indication, and. may be operated by mechanical measuring 
devices, e.g. strain and deflection gauges, weighing machines, etc., where an A.C. output 
voltage varying linearly with deflection is required. 


TECHNICAL DATA 

POWER SUPPLY - - - - - - 11SV* 
SUPPLY FREQUENCY - - - - - 400c/s 
POWER CONSUMPTION - . - - - O7W 
MAXIMUM OUTPUT VOLTAGE - - - - 42-5V 
VOLTAGE GRADIENT~ - - - 0-5V per degree 
TIME PHASE OF OUTPUT VOLTAGE 

(RELATIVE TO INPUT VOLTAGE) - - 6 degrees lead 
RANGE OF LINEARITY - - . - +85 degrees 
ACCURACY - - . - -$° of maximum voltage 
WEIGHT - - - - - . - 45072. 
* A 26V version is also available. 


Delivery, prices and a data sheet giving full information on the Size || Linvar are available | 
snfe on request. 
MUIRHEAD INSTRUMENTS INC 677 Fifth Ave - New York 22 - N.Y. + U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED STRATFORD ONTARIO CANADA 
MUIRHEAD & CO. LIMITED BECKENHAM KENT ENGLAND 
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curb the tendency of the “bang-bang” 
system to oscillate. 

For the advanced control, M-H 
replaced the relay with a high-gain 
linear amplifier with limited output. 

*GE’s frequency-sensitive servo— 
At GE’s Light Military Electronic 
Dept., work on the Pilot-Airplane Link 
(PAL) led to development of au adap- 
tive control system; this was started 
about a year ago. Still in the design 
stages, according to GE’s M. F. Marx, 
the system will rely on a frequency- 
sensitive servo to vary the multiplier 
gain as a function of the closed-loop 
frequency deviations from desired fre- 
quency. 

Marx says this permits the system 
to control its own parameters by 
looking at what it is doing. The 
system error is led into either a lead 
network or a lag network, is polarized, 
then passes through an integrator be- 
fore going to the multiplier. 

¢ Convair’s damping feedback—Lim- 
ited by manpower, Convair Div. (Fort 
Worth) of General Dynamics has con- 
centrated on the theoretical aspects of 
adaptive control. Two approaches 
have been studied: 1) applying linear 
feedback of position acceleration, and 
2) applying the damping characteris 
tics to modify feedback. 

The second approach, says Con- 
vair’s Marcel Dandois, looks promis- 
ing. Gain adjustment is based on a 
measurement of  aircraft-damping 
characteristics. 

¢ASI’s impulse response—Another 
approach to adaptive control has been 
undertaken by Aeroneutronic Systems, 
Inc. (It was reported by ASI’s G. W. 
Anderson and R. Buland, and Purdue’s 
Dr. G. R. Cooper, who served as a 
consultant.) This approach depends 
on the impulse response—the cross- 
correlation function of the output and 
the input (delayed a time interval). 
Impulse response, say ASI engineers, 
completely characterizes the system, 
can be used to get information about 
damping, frequency, and sensitivity— 
usable to adjust gain. 

To mechanize this technique, ASI 
has used a binary noise generator, one 
which produces a constant amplitude 
signal with random time crossings. 
The sampled noise is fed through a 
shift register to a recorder commu- 
tator, past diode gates, and finally is 
time-averaged in a filter. The output 
of each filter is one point on the 
impulse-response curve. 

The theory, say ASI engineers, is 
valid for a linear system. How ac- 
curate it is for a nonlinear system has 
to be determined. 

—Lewis H. Young 
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DESIGN 


As missile programs passed from early development 
to production, servovalves of increased sophistica- 
tion became necessary. Keeping pace with this 
development, Moog has been responsible for all 
major servovalve improvements. 


nozzle-flapper servovalves* 
FIRST Pp double-nozzle servovalves* 
dry motor servovalves* 


volume producer of double-nozzle 
mechanical feedback servovalves{ 


*Patented tPatent Pending 


MGG: 





PRODUCTION 


The 80,000 Moog servovalves produced to date 
represent a production record unmatched in the 
industry. Moog is the major supplier to virtually all 
missile programs. 


RELIABILITY 


Today reliability is the key requirement for missiles. 
Anticipating this need, Moog has had under inten- 
sive development and test for the past year the 
simplest, lightest, most compact and reliable of all 
production servovalves. Its performance in all im- 
portant respects exceeds that of any other available 
unit. Moog is pleased to announce immediate avail- 
ability of the new Model 31 and 32 Series valves 
in quantity to your specifications. 


WRITE FOR CATALOG No. 310 


MOOG VALVE co. INC. PRONER AIRPORT, EAST AURORA, NEW YORK 
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GIDDINGS & LEWIS puts tape control on a 54-in. vertical boring machine. 


KEARNEY & TRECKER combination machine tool 
with GE discrete positioning control (at right). 


Two New Developments in 
Numerical Control 


Machine tool builders move to 
get numerical control into gen- 
eral-purpose equipment. G&L 
puts tape controls onto two 
conventional machines; K&T 
comes up with a radical new 
machine tool. 


With the Air Materiel Command’s 
purchase of numerically controlled skin 
and spar mills just about complete, 
machine tool builders are working 
hard to find other applications for 
their advanced techniques. The prob- 
lem: to get numerical controls into 
general-purpose equipment with appeal 
for users in all branches of industry. 

The first major breakthrough came 
last month when the two companies 
that supplied the greater share of 
AMC’s total requirement for skin 
and spar mills demonstrated new ma- 
chines (see photos). Giddings & 
Lewis Machine Tool Co. had two: a 
vertical boring mill, and a_ vertical 
turret lathe. At the same time, Kear- 
ney & Trecker Corp. proudly displayed 
its entry into the tape-control sweep- 
stakes: a multi-function hybrid man- 
ufacturing machine with the name 
“Milwaukee-Matic”. 


¢ G&L’s approach—Both G&L ma- 
chines have been made by the com- 
pany for some time, although without 
tape controls. Both are turning ma- 
chines, similar in basic machining con- 
cept: the workpiece is fastened to a 
continuously rotating table while cut- 
ting tools are fed in from above and 
from either side. 

The vertical boring mill has a tape- 
controlled turret tool head capable of 
simultaneous vertical and horizontal 
movement. It is thus suitable for 
contouring the inner and outer sur- 
faces of round parts. 

The numerical control system is 
substantially the same G&L—General 
Electric design used in the AMC skin 
and spar mills. The control medium 
is magnetic tape that is prepared by 
means of a digital computer and di- 
rector. G&L heralds the machine as 
the first application of numerical path 
control to a turning machine and the 
first outside of the aircraft industry. 
Gray Tool Co. has purchased the in- 
itial unit for machining oilfield valves. 

© Vertical step cutter-The G&L 
vertical turret lathe is intended for 
step-cutting only, not contouring. It 
is aimed squarely at the market dom- 
inated for years by Bullard lathes 
equipped with Man-Au-Trol (a peg- 
and-drum programmer). 

For the machine, a G&L task force 
headed by Arthur Fitzner has designed 
and built its own punched-tape point- 


to-point positioning system. A key 
feature: an override adjustment panel 
with 50 potentiometers, each of which 
is associated with one position com- 
mand on the input tape. Using the 
potentiometers, the operator can 
change any or all of the height or 
radius commands by plus or minus 
0.010 in. in small increments. This 
feature makes it possible to compen- 
sate for unpredictables such as tool 
wear or deflection—without disturbing 
the input tape. 

° Milwaukee-Matic acceptance — If 
sales success is any criterion, the 
K&T Milwaukee-Matic is unquestion- 
ably the most spectacular machine in 
the young history of numerical con- 
trols and, in fact, in the recent history 
of the machine tool business. prone a 
five of the $120,000 units had already 
been ordered before the first delivery 
was made late in February. 

Trial runs on the prototype unit 
showed such decided economic bene- 
fits and aroused such fervor in a sample 
group of prospective users that K&T’s 
president, F. J. Trecker, has ordered 
full-scale production. Schedules call 
for 60 machines in 1959, 200 in 1960, 
and 600 in 1961. 

The combination machine is ca- 
pable of milling, drilling, reaming, tap- 
ping and boring operations. It is actu- 
ally the second step in the evolution 
of “a parts manufacturing machine”. 
The first step, demonstrated about two 
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@ Provides continuous re- 
cord of four variables on one 
chart; plus, in many cases, 
an additional integrator, 
pneumatic controller or 
transmitter. 


@ Accepts either linear or 
non-linear signals and re- 
cords all four records on a 
linear chart. 


@ Provides record of flow, 
Jo O2, YH? liquid level, pres- 
sure, temperature, position, 
PH, integration, many 
others. 











FROM HAYS-— 


A truly 
Universal 


Recorder 


With the new Hays Universal Re- 
corder you get a flexibility unknown 
in previous instruments. Now, 
through use of this one 4-pen re- 
corder measuring only 16” x 1914’, 
shown above with its standard com- 
ponents, you can develop an almost 
infinite number of recorder combi- 
nations. 

The secrets of the flexibility of the 
Hays Universal Recorder are ‘‘ quad- 
rant construction” and the basic 
receiving units developed for incor- 
poration into the recorder. For 
example, the two new electronic re- 
ceivers: 

1. A differential transformer type 
receiver used in conjunction with 
Hays standard transmitters for 
pressure, temperature, flow, liquid 
level, or other customer specified 
input motion. 
2. A slide wire electronic type re- 
ceiver used in A-C resistance 
bridge measurement and D-C po- 
tentiometer circuitry for measure- 
ment of oxygen, %CO., % Hy- 
drogen, pH, resistance bulb, and 
potentiometer applications. 


Both electronic receiver units uti- | 
lize a cam which allows them to 
correct for non-linearity of input 
signals. This means that the chart 
can be used to accommodate 4 non- 
linear input signals on a linear chart. 


Direct receiver units, shown above, 
are also provided for pressure, tem- 
perature, and pneumatic signals. 
Two of these units may be mount- 
ed in one quadrant. 

An integrater or a pneumatic 
transmitter or controller may also 
be mounted in one quadrant of the 
instrument. Therefore, in applica- 
tions involving direct receivers, it is 
possible for this one instrument to 
provide four continuous records plus 
integration, or four continuous rec- | 
ords plus a pneumatic transmitter | 
or controller. 

Inputs acceptable are: A-C resist- 
ance bridge and battery less D-C 
potentiometer, high and low imped- 


ance applications with + 0.25% ac- | 


curacy. 

The uses of this new recorder in 
solving your instrumentation prob- 
lems are limited only by your own 
ingenuity . . . this advertisement 
can only begin to suggest possible | 
applications. For further information 
on this versatile new instrument write 
for Bulletin 58-B771. 


hays 


MICHIGAN CITY 37, INDIANA 
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Bank of 50 potentiometers on G&L point-to 
point con!rol permits operator to modify tape 
data. 


years ago, consisted of three separate 
K&T machines, joined by a transfer 
line and controlled by a Hughes Prod- 
ucts Co. punched tape system (CtE, 
April 1958, page 21). Like the three- 
machine arrangement, the Milwaukee- 
Matic is designed to automate the 
production of small- and medium-lot 
parts. But it requires far less capital 
investment to do so. K&T’s Wallace 
E. Brainard was key man in the de- 
velopment of Milwaukee-Matic. 

e Automatic tool changer — The 
principal feature of the machine is an 
automatic tool changer that makes 
possible the great variety of machin- 
ing operations. A General Electric 
punched-tape system controls tool se- 
lection, the indexing of the worktable, 
the positioning of the three-axis spin- 
dle head, feeds and speeds, and auxil- 
iary functions. 

For longitudinal and vertical po- 
sitioning, absolute positioning accu- 
racy is plus or minus 0.0005 in. and 
repeat accuracy is plus or minus 
0.0002 in. Spindle depth positioning 
is accomplished at an absolute accu- 
racy of plus or minus 0.001 in. and at 
a repeat accuracy of plus oT minus 
0.0003 in. The machine will perform 
circular cutting of radii from 0.1 to 
9.9 in. in radius increments of 0.1 in. 
The maximum error on arc milling is 
plus or minus two percent of arc 
length. Maximum speed for arc and 
slope cutting is 30 ipm for radii be- 
tween 0.5 and 9.9 in. 

Spindle speed and feed rate com- 
mands are selected by precision resistor 
networks for servo control from ta- 
chometer feedback. A small instrument 
analog computer, approximately 10 by 
20 in., does all the interpolation re- 
quired for arc and slope generation. 
This process is started, controlled, and 
stopped automatically from four in- 
struction blocks on the tape. 

—John D. Cooney 
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Coaxials. 
Screw-type 

couplin 
Low VSWR. 


for 50-, 70-, 
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K miniatures 
3 to 50 contacts 
13 different 
arrangements 














contacts 


MC Sub- 
Miniatures 
3, 6, 12 contact: 
Built for 
rugged use 


D Sub-Miniatures 

9 to 50 contacts 

Same space... 
same weight! 


Cannon Miniature and Sub-Miniature Plugs are rugged, 
easy mating, unusually versatile, neat and compact. 
When you design with Cannon Miniatures in mind 
you'll get complete electrical circuit depend- 
ability in a very small space. Up to 50 contacts 
in 4 or ¥ the area taken by standard multi- 

contact connectors! 


Rectangular and circular types. Hermetically 
sealed, vibration and moisture resistant, and 
general purpose designs. Contacts for 5, 10, 

15, 25 amps...and miniature coaxial connec- 
tors. Practically all five ampere contacts are 
gold plated. High dielectric insulation in 
phenolics, resilient materials, glass seals, 
Zytel, Diallyl Phthalate and Melamine. Alu- 
minum alloy or steel shells, depending upon 

application. 


Miniature lines include: DPA, DPX, DPM, DPG, 

K, MM, MR and Diamond MB and SM Coaxial 

connectors. Sub-miniatures: D, MC, and Diamond 
DIC Coaxial connectors. 


Write TODAY for new 32-page 2-color Miniatures 
Bulletin HMC-2. Also, write for Bulletin SM-1, 
“Soldering Small Contacts.” 


For an interesting discussion of the broad subject of “Reliability?” 
write for Cannon Bulletin R-1. 


WHERE RELIABILITY 
IS THE 5™ DIMENSION 


Please refer to Dept. 422 


CANNON ELECTRIC CO., 3208 Humboldt Street, Los Angeles 31, 
California. Factories in Los Angeles; Salem, Massachusetts; 
Toronto, Canada; Melbourne, Australia; London, England. Manu- 
facturing licensees in Paris and Tokyo. Representatives and dis- 
tributors in all principal cities. See your Telephone Yellow Book, 
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VALVE POSITIONER IS 


ELECTRIC 


RIC POWER 
ATTS 


46D THRUST LIMIT 


BRAKE 
ONLY WHEN STEM MOVES 
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Maintenance problems drop almost to zero when 
you install Norwood Controls’ new all-electric 
Valve Positioner. No air or hydraulic leaks, no 
cleaning, no expensive auxiliary equipment... just 
one, efficient, pre-lubricated, all-electric unit that 
operates from —40°F to 170°F. 

For further information, write for data sheet B1 58-5. 
Norwood Controls Unit, Detroit Controls Division, 
938 Washington Street, Norwood, Mass. 
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Purdue-CtE Conference: 





WHAT‘S NEW 


A Practical Program for Industrial Control 


How to apply some of the newest 
developments in components is the 
core of the program (see below) for 
the 1959 Conference on Industrial 
Control System Components. 

Co-sponsored by Controt EncI1- 
NEERING and Purdue University’s 
School of Electrical Engineering and 
the Division of Adult Education, the 
conference will be held on Monday 
and Tuesday, May 4 and 5, at Purdue’s 


Memorial Center in Lafayette, Ind. 

The two-day meeting has been di- 
vided into four working-level sessions. 
Purdue’s Dr. John E. Gibson will 
chair the Monday morning session 
on actuators. CtE’s W. E. Vannah 
will lead the session on power ampli- 
fiers. Heading the Tuesday morning 
session on transducers will be Dr. Ru- 
fus Oldenburger, professor at Purdue’s 
Mechanical Engineering School. And 


PROGRAM 


CtE’s B. K. Ledgerwood will chair the 
closing session on logic and decision- 
making elements, 

Registration fee for the meeting has 
been set at $35. It includes admis- 
sion to all sessions, a copy of the pro- 
ceedings, and a banquet dinner on 
Monday evening. For additional in- 
formation, write Merle M. McClure, 
Assistant Director, Div. of Adult Edu- 
tion, Purdue University, Lafayette, Ind. 


Conference on Industrial Control System Components 


I. ACTUATORS (Monday morning) 


Integral HP dc Servomotor Developments 

by V. R. Murphy 

Mgr. VS and Control Prod. Dept., Reliance Electric & Eng. Co. 
When designing servomotors from the total system viewpoint, not 
only the load but also the power source is of critical import. Both 
dynamic and static performance have to be considered. 


Selecting Variable Displacement Hydraulic Pumps 

by R. Spencer 

Assistant Chief Engineer, Machinery Hydraulic Div., Vickers, Inc. 
Operating characteristics, emphasizing dynamic response and load 
characteristics, are considered to select variable displacement 
hydraulic pumps for automatic control. A new line of variable dis- 
placement piston pumps for industrial systems has been developed. 


The Power Stepping Motor as a Digital Actuator 

by W. R. Gracey 

Mgr., Automatic Controls Div., The Teller Co. 
Responding to a string of pulses, the power stepping motor com- 
bines actuating power and accurate control without feedback. The 
stepping motor lends itself to use in numerical control tool sys- 
tems, plotting and tracking systems, as a remote actuator or 
positioner, and as a computer component. 


Il. POWER AMPLIFIERS (Monday afternoon) 


High Pressure Pneumatic Systems for industry 

by A. E. Schmidlin 

Mgr., Research Dept., Walter Kidde & Co. 
Development work is under way on high-pressure (5,000 psi) com- 
ponents for industrial control systems. There are applications in 
manufacturing and processing plants and in operating machinery. 


Using Magnetic Amplifiers in Control 


by Dr. C. Wakeman 

Director of Research & Development, Magnetics, Inc. 
Magnetic amplifiers can be used in control systems as power am- 
plifiers and as logic elements. Dynamic response, input-output char- 
acteristics, and physical properties — such as size and materials — 
are analyzed for a number of useful circuits. 


The Capstan-Type Mechanical Power Amplifier 

by L. A. Zahorsky 

Avionics Dept., Armament Div., Universal Match Corp. 
Driven by a constant-speed motor, the bidirectional capstan-type 
mechanical power amplifier can supply high power levels for posi- 
tion or speed control with a low level mechanical input such as is 
available from an instrument servo. Six widely diversified applica- 
tions suggest solutions to other control problems. 


Characteristics of the Acceleration Switching Servo 

by Dr. W. Seamone 

Applied Physics Laboratory, Johns Hopkins University 
The acceleration switching technique can enhance hydraulic servo 
system performance in applications requiring precision and relia- 
bility over a wide range of load and environmental conditions. A 
study of static and dynamic performance of a switching-type sys- 
tem indicates where it improves on conventional flow control servo. 


ITI. TRANSDUCERS (Tuesday morning) 


Characteristics of Position Measuring Transducers 

by J. O. Morin 

Project Enginer, Concord Control, Inc. 
Position ing transd s fall into four general classes de- 
fined by the fundamental principle of operation: electromagnetic, 
electrostatic, optical, or electromechanical. To illustrate important 
considerations of using each, several practical applications in 
industry are described and discussed 


Multipurpose Technique: Measuring with Eddy Currents 

by Richard Hochschild 

President, Metrol, Inc. 
How to use eddy currents for flow detection and classification in 
such products as ferrous and nonferrous tubing, bars and wire 
rope; for the gaging of sheet and glue line thickness; and for 
checking metal properties such as hardness, alloy composition, 
and heat treatment. 


Transducers for Dynamic Flow and Measurement 

by Dr. C. K. Sledman 

Consultant, Statham Instruments, Inc. 
For proper control of operations, the transducer must be capable 
of detecting and transmitting dynamic as well as static conditions. 
Because flow and pressure are particularly difficult to measure 
properly, the characteristics and capabilities of these and other 
transducers pose a special problem. How they perform is impor- 
tant knowledge for the contro! engineer. 


How to Pick and Use Proximity Switches 

by J. M. Morgan 

Mgr., Development Research Dept., The Cincinnati Milling Machine Co. 
Proximity itches, ti used in place of limit switches, have 
proven their worth and reliability on many difficult jobs. But to 
get the most from them requires a knowledge of the pros and cons 
of the various types and an awareness of their basic application 
factors. Here is an evaluation. 


IV. LOGIC ELEMENTS (Tuesday afternoon) 


Building Blocks for Automatic Test Equipment 

by J. J. Brett 

Chief Engineer, Chicago Div., American Bosch Arma Corp. 
Automatic evaluation systems that pronounce go/no-go judgments 
on performance characteristics of the equipment under test, are 
almost always custom designed for each job. But this is not neces- 
sary. Properly conceived functional subsystems can be used as 
building blocks for a wide variety of production test gear with 
minimum engineering and at minimum cost. Here is one approach 
with a wide potential application. 


The Controlled Rectifier—A New Industrial Control Concept 

by E. E. Von Zastrow 

Application Eng., Semiconductor Prod. Dept., Genera! Electric Co. 
The silicon controlled rectifier is making possible vast strides 
toward completely solid-state contro! systems. Here are details of 
cost and availability, performance characteristics, firing methods 
and related system components, and of applications — both as @ 
switching device and as a proportional power modulator. 
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ITT 


What’s New 
in ITV 


Many exciting new uses for closed circuit | 
television save time, life, health and | 
money for industry, military, education 
and business. 


®@ in the Antarctic, the Navy uses CCTV on 
a helicopter to picture ice conditions to an 
ice breaker following. 


® A utility using ITV to observe water | 
levels saved three salaries. 


® in handling freight, ITV inspected cars | 
and gondolas from a distance. 


® Watching oil drilling or diving operations 
on the ocean floor from the surface. 
® Checking factory operations for floors 


above from the main floor saved time and | 
money. 


® Guiding bulldozers run automatically in | 
radioactivity areas from a safe distance. 


® Stores and markets cut shoplifting and 
pilferage with ITV. 


® Flame patterns in combustion chambers 
of engines and boilers may now be 
observed. 


@ Large organizations reach dealers 
through ITV in many cities for simultaneous 
meetings. 

® Traffic flow through tunnels or toll 
bridges is checked and controlled. 


@ TV camera on factory roof scans large 
roofs for fires. 





ITT makes a complete and versatile line 
of closed circuit TV for every military, | 
industrial, business and educational require- 
ment. For bulletins, engineering data and 
other information call our nearest office. | 

Los Angeles, Calif. .... EMpire 7-6161 

Detroit, Mich. ...... JEfferson 6-4040 

Fort Myers, Fla. ... WYandotte 5-2151 

Washington, D.C. ...... EMpire 5-1515 

Denver, Colo. ....... AMherst 6-2714 

New York City OXford 5-0082 

San Carlos, Calif. ...... LYtell 3-2189 

Ft. Worth, Tex. ..... JEfferson 5-2056 


Industrial 
Products Division 


international Telephone and Telegraph Corp. 
15191 Bledsoe St., Sen Fernando, California 


Closed Circuit TV * Custom Power Equipment 

infra Red Equipment ¢ Large Screen Oscilloscopes 

Electronic instruments © Autopilots for Aircraft 
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WHAT’S NEW 


AIEE Meeting Highlights 


© That Elusive Adaptive Concept 
© Russian Education and Technology 
© New Approach to Feedback Controls Sessions 


Adaptive Control: 
Still No Unity 


The old bugaboo, “what's an adap- 
tive system” page (22), provided the 
main bone of contention at the Feed- 
back Control Systems Committee ses- 
sion on adaptive control systems. And 
despite a lengthy discussion period, 
none of the definitions offered could 
satisfy the critical view of all those in 
attendance. 

All four papers formally presented 
were highly theoretical. Dr. C. W. 
Merriam III, MIT, offered a paper 
entitled “Use of a Mathematical Er- 
ror Criterion in the Design of an 
Adaptive Control System”. Merriam 
applied a restrictive definition of adap- 
tive control: a feedback controller that 
maintains optimum response by mini- 
mizing defined error. What error to 
use then was the kernel of his paper. 
Merriam’s suggestion: 


e= ff Pere — q(a)|? + m*(c) \ do 


J. E. Bertram of IBM Corp. deliv- 
ered a paper “Control by Stochastic 
Adjustment”. He described a statis- 
tical technique which could be used 
when time variations are too short for 
normal statistical approaches. 

“Is this an adaptive system?” was the 
question G. F. Franklin, Stanford Re- 
search Institute, asked about a control 
system which he described. The sys- 
tem: a solution to the sample-data fil- 
tering problem. The second part of 
Franklin’s paper was an attempt to 
clarify the definition of adaptive con- 
trol. To do this, Franklin classified 
control systems on the basis of the 
mathematical properties which de- 
scribe their behavior. He proposed 
seven groupings: 1) linear, lumped, 
time-invariant, 2) linear, sampled, 3) 
digital, 4) linear, time-variant, 5) self- 
organizing, 6) probabilistic, and 7) 
nonlinear. 

The Stanford engineer placed adap- 
tive control in the group which he 
called ‘probabilistic’ because such a 
system, he said, cannot be described 
in determinant form. He explained, 
“The word adaptive implies that, in 
some sense, the design was incom- 


plete, and the adaptive system was ex- 
pected to fill in the details.” 

In the final paper Robert Staffin 
of Polytechnic Institute of Brooklyn 
introduced the “Executive-Controlled 
Adaptive System”. This is a system 
which can be process adaptive, input 
signal adaptive, or a combination. 

For process adaptive systems (those 
in which the controller must adapt to 
changes in the naa Stafhn em- 
ployed a plant observer which would 
report to the controller changes in the 
process. To do this, he proposed two 
types of mechanization. One used 
a frequency response approach. ‘The 
objective: to design the actuator so 
that it cancels only the effects of the 
dominant pole pair. The plant ob- 
server measures the approximate pole 
location and then chooses an appro- 
priate fixed passive network to cancel 
the dominant pole pair. 

Staffin’s other approach used im- 
pulse response. White noise is added 
to the process input; the process out- 
put is then cross-correlated with the 
noise delayed by a constant time. In 
this way it is possible to determine the 
approximate pole location so that the 
dominant pole pair can be cancelled. 

For input signal adaptive systems, 
Stafin suggested a model (which he 
did not describe in detail) whose func- 
tion would be to force the output of 
the system to act as desired. 


Russian Education: 
A Plea for Calm 


“I hope we won’t push the panic 
button and revolutionize our educa- 
tional system to turn out better Rus- 
sians,” Dr. W. W. Brickman of New 
York University told the AIEE session 
on Russian Education and Technol- 
ogy. The five other speakers at the 
session echoed this sentiment. The 
consensus: Russian engineering edu- 
cation is good, but it has some clear 
weaknesses. 

While pointing out the strengths 
of Russian education—serious concen- 
tration for five years of tough courses; 
a strong interest in foreign languages 
—most Russian engineering students 
study two; and a large enrollment— 
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ALLEN-BRADLEY 


Power Ferrites for 
Audio FTEQUENCIES 6000 15,000 7) 


With the development of these two new power ferrites, it is now 





possible for you to gain the advantages of high-efficiency opera- 


tion at the lower frequencies. These new ferrites are available 
in a wide range of shapes and sizes. A-B engineers will be glad to 
assist you in the application of these new ferrites. 


Typical Applications for Allen-Bradley Power Ferrites 


HF Fluorescent Lighting 
Ballast 


Transistor DC Power 
Supply Transformer 


W 07 NEW POWER FERRITE with maximum flux density 
= in excess of 5000 gauss — Here’s an A-B ferrite 
that opens new fields for the use of ferrites in continuous 
power applications at frequencies between 400 and 15,000 
cps—where even special laminated iron alloys are imprac- 
tical. And its lower material costs bring tremendous savings 
in high-frequency fluorescent lighting ballasts, power trans- 
formers, motors, and high-frequency converters. 


2 03 NEW POWER FERRITE has rectangular hysteresis loop 
iets —The many unique properties of this R-03 fer- 
rite offer unusual opportunities for designing intermediate 
frequency magnetic amplifiers, static switching devices, 
transistorized inverters, and power supplies. At operation 
above 500 cps, the cost and weight of this new ferrite is less 
than one half that of square loop, metallic tape wound 
cores . . . and core losses are much less. In addition, the ex- 
treme squareness of the hysteresis loop minimizes transient 
spikes which can damage transistors. 


Allen-Bradley Co., 222 W. Greenfield Ave. 


Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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New Allen-Bradley Power Ferrites 
Open New Design Horizons 
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Flux Density vs. Magnetizing Force Flux Density vs. Magnetizing Force | 
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Magnetizing Force (Oersted) —————_—_> —————— Magneetizing Force (Oersted) ———_—_——_> 
W-07 MAGNETIZATION CURVES show the extremely R-03 HYSTERESIS LOOPS show the high flux density 
high flux density available. Also, it reveals that the provided with low levels of drive. The reduction in 
maximum flux density does not decrease appreci- area with temperature shows that the loss per cycle 
ably in increasing temperature. Technical Bulletin is less at higher temperatures. For complete specifi- 
5655 has complete specifications—send for your copy. cations, write for Technical Bulletin 5658. 
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Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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BIG NAME 
MACHINE TOOL 
BUILDERS 


SPECIFY 


BEAVER BALL SCREWS 


TO.GET 
OPTIMUM. 
POSITIONING 
ACCURACY 


4 bin * BALDWIN 
Sr ' é LIMA 
iB} HAMILTON 

- el @IN@ININT- WE 

MILLING MACH 
CLEEREMAN 
AV -N@l alin | mk @1@) 
GALLMEYER 
& LIVINGSTON 
©718)8) ines) 
& LEWIS 
NV-N@i alin) am k@1@)! 
HEALD 
MACHINE 
KEARNEY 
& TRECKER 
PRATT & 
WHITNEY 
SPRINGFIELD 
MACHINE 
SUNDSTRAND 
AVG lin ak Ole)e 
THOMPSON 
GRINDER 
WARNER & 
SWASEY 


*® PLUS MANY OTHERS 


In head slides clic where precision 
control and maximum system stiff 
ness are essentials, engineers turn to 
ball screws and to Beaver because 
they specialize in high’ precision 
designs 
Can our engineers he 
prove your eyaere litte! 


i 

Yeaver 
Drecision 
§ Droducts 


i INC. 
a CLAWSON, MICH. 
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the panelists warned that there were 
weak points, too. The most obvious: 
Russian concentration on specific 
areas is so intense that engineering 
graduates are quite narrow in their 
knowledge. 

L. Tniling of MIT told the meet- 
ing that the Russians had 600,000 
students in their engineering schools, 
would graduate almost 85,000 per 
year (compared to U. S. graduations 
of 35,000). But Trilling warned about 
playing the “numbers game” indis- 
criminately. Many Russian engineer- 
ing graduates never do engineering 
work he said. Because there are no 
schools of business administration, en- 
gineering graduates end up doing jobs 
in finance, accounting, marketing, and 
other administrative areas. 

V. Rudolf, a Russian engineer now 
living in New York, strongly supported 
this view. Said Rudolf, “There’s a 
terrific overhead in engineering per- 
sonnel in Russia. At some plants it is 
150 percent: 14 engineers for every 
workman”. Rudolf told about the 
electrical department of a shipbuild- 
ing organiaztion for which he had 
worked in Leningrad. “In the elec- 
trical department, there were 50 engi- 
neers, of which 25 were administrators 
who did no engineering work.” 

The speakers agreed that it would 
be dangerous to underestimate Rus- 
sian technical capabilities. 


Feedback Control Systems: 
Committee Goes Technical 


Something new has been added to 
the AIEE Feedback Control Systems 
Committee meetings. At the Winter 
General Meeting informal technical 
presentations replaced routine busi- 
ness. The change was the result of a 
redefinition of Committee objectives 
and a realignment of Subcommittees 
recommended by an ad hoc subcom- 
mittee under H. T. Marcy. 

In the future, regular business will 
be transacted mainly by executive 
and administrative subcommittees. 
The programs of the full committee 
meetings will be organized by tech- 
nical subcommittees each devoted to 
such specific areas of the comtrol field 
as non-linear theory, discrete data sys- 
tems theory, and computers. 

Chairman Lou Kazda of the non- 
linear theory subcommittee organized 
the program at the Feb. 4th meeting. 
It included six informal papers on vari- 
ous phases of nonlinear systems analy- 
sis and synthesis. Apparently the idea 
of technical presentations scored a hit: 
about 40 committeemen were present. 


beaver 
ball screws 


Successor to the Acme screw 
drive and preferred in many 
applications to hydraulic and 
pneumatic systems. Guaran- 
teed 90% efficiency in con- 
verting rotary twist to linear 
push (or vice versa). Employs 
a stream of precision balls 
and ground lead to eliminate 
drag and wear in delicate in- 
struments to massive wind 
tunnel jacks. Any diameter 
or travel: indexing, inching, 
traversing. Literature, con- 
sulting engineering service 
available. 


Oeaver 
Drecision 
£ Droducts 


i INC. 
a CLAWSON, MICH. 
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Single order-picking console. 


Electromechanical 
Order Picker 


. and automatic depalle- 
tizers mechanized a Califor- 
nia egg plant, boosted pro- 
duction 50 percent. 


SAN FRANCISCO— 

The only system of automatic ware- 
housing in an egg-processing plant has 
boosted hourly production 50 per cent. 
At Poultry Producers of Central Cali- 
fornia’s new San Leandro plant, 2 mil- 
lion eggs are processed early each day. 
Combining for the first time electro- 
mechanical order pickers and auto- 
matic depalletizers, the new materials 
handling equipment mechanizes a 
process which used to be largely a 
manual operation. All equipment was 
built by the Egg Handling Section of 
Food Machinery & Chemical Corp., 
Riverside, Calif. 


Filling orders—Order picking is con- 
trolled from a single console. Push 
buttons set up a series of relays which 
automatically discharge cases trom one 
of 36 double-decked, gravity roller or- 
der picking lines (where cases have 
been stored according to brand and 
date) to double-decked belt take-out 
conveyors. Cases are carried on mov- 
able roller conveyors to the docks out- 
side to be manually loaded into trucks. 

Upper buttons on the console con- 
trol ten-count, and lower buttons con- 
trol unit count. To fill an order, the 
operator presses selector and _ start 
buttons. An air-operated case-stop at 
the end of an order-picking conveyor 
is depressed, and the case moves onto 
the take-out conveyor. There it passes 
the case stop reset switch and the cycle 
is repeated until the order from that 
line is completed. Then the next line 
in sequence begins to deliver cases. An 
indicator light on the console signals 
completion of the order, and the op- 








fhe first real “BREAK” for airborne harnesses 


FEATURES 


® helical construction imparts a con- 
nection so firm that a special A-MP 
tool is required to connect and dis- 
connect. 

eo” ring and metal wire-insulation 
ring make moisture-tight seal 

e wiping action cleans pin and socket 
for assured maximum conductivity 

© positive wire-stops prevent over- 
insertion of stripped conductor 


GENERAL OFFICES: 


THE ALL NEW AWP 
ni-7 se 1ege), 


CONNECTOR 


Never before has such a unit been available—a 
reliable, pre-insulated “manufacturing break” for 
aircraft and missile harnesses. Designed as a quick 
connect/disconnect for all high-reliability circuits, 
the all new A-MP Heicon Connector is completely 
environmental-proofed and fully pre-insulated. 


borne circuit wires with remarkable speed and ease 
harm to unit... offers the highest reliability. 


Visit us at The IRE Show March 23-26, 1959 Booths 2234-2238 


FEATURES 


© serrations inside barrel assure maxi- 
mum crimp-contact between barrel 
and conductor 

© inspection ports permit examination 
of conductors in barrel 

© environmental proofing: moisture 
resistant, corrosion resistant, vibra- 
tion and shock resistant 





























This is the product that the Avionics Industry has needed for years. 
There is nothing else on the market like it. Write for more information. 
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A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
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Model 3101 


chopper-stabilized 


dual amplifier 

































































New Donner computer and control elements 
are designed to simplify the job of the analog 
systems engineer. 


If you are interested in expanding the capac- 
ity of your analog computer, no matter what 
make or size, constructing a special purpose 
computer, or erecting an analog control loop, Donner analog systems 
components will perform a precision job at an economical price. 


Typically, key specifications for 
the chopper stabilized amplifier 
shown above are dc gain in ex- 
cess of 50 million; maximum off- 
set of a unity inverter, less than 
100 uv/day; drift of unity inte- 
grator, less than100 uv/sec; phase 
shift of unity inverter, less than 
nr pomees at 1 kc. Price of this 

val amplifier is only $230 or 
$115 per channel. Even lower S asmenett aeibedien 
prices on quantity sales. 


SCIENTIFIC 
Your nearby Donner engineering representa- 
tive will be happy to supply you with complete COMPANY 


applications data or you may write us here CONCORD, CALIFORNIA " 
in Concord if you choose. Please address Electronic engineers, exciting opportunity exists at Donner. 
Dept. 083. Write today for full details. 
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erator resets for a new order. 
Keeping order lines filled—Two auto- 
matic depalletizers patrol the order- 
picking lines and fill them from loaded 
pallet conveyors. They travel by rail 
at 2 mph, each serving 18 double- 
decked order-picking conveyors. 

As an order-picking line is depleted, 
the depalletizer stops and is locked 
into position by an hydraulic centering 
pin. The boom normally is level with 
upper order-picking lines, but will 
descend to serve lower lines. Forks 
raise the pallet to the boom, and the 
hydraulically-operated boom carriage 
moves out, and suction cups pick up 
three cases. These are moved into po- 
sition over the roller conveyor, the 
vacuum is released, and the cases are 
conveyed to the order-picking line. 

The process is repeated until the 
empty line is filled; then a switch on 
the boom actuates a finish relay, and 
the carriage pushes the empty pallet 
board onto the gravity conveyor to be 
returned to the loading area. The 
depalletizer is unlocked and starts on 
its patrol again. 

The console operator has some con- 
trol over depalletizers. When he 
actuates a grade selector switch in 
combination with a priority switch, 
the depalletizer will ignore earlier de- 
mands and serve only one order-pick- 
ing line. To handle a large order, he 
can lock the depalletizer from the 
console to continue delivering from 
one conveyor to order-picking lines 
until the order is filled. 

—Jenness Keene 


McGraw-Hill News 


More Computing-Control 


Two more chemical companies 
have bought digital computers for 
control of chemical processes. Both 
companies emphasize that their ma- 
chines, Thompson-Ramo-Wooldridge 
Products RW-300’s, will be used for 
closed-loop control. 

In St. Louis in January, Monsanto 
Chemical Co. Vice-President Howard 
K. Nason announced, “To the best 
of our knowledge, this will be the first 
chemical plant to use an electronic 
computer for direct, on-line control 
of the overall process. It will be in- 
stalled in an existing manufacturing 
unit, already highly instrumented.” 

Two weeks later, in Cleveland, B. F’. 
Goodrich Chemical Co. President 
John R. Hoover reported an RW-300 
will exercise closed-loop control over 
a fully-automated vinyl chloride 
monomer production unit at Good- 
tich’s Calvert City (Ky.) plant. The 
machine will also log operating data. 





Flat frequency response 
from 0 to 100 cps 


e Galvanometer 
natural frequency 55 cps 


© Hysteresis less than + 0.1 div. 


e True velocity damping 
for galvanometer at all times — limiting ahead 
of output stage 


e Current feedback power amplitiers 
eliminate effect of galvanometer resistance 
changes due to temperature 


© Linearity 0.2 div. 
over entire 50 div. chart width 


© Gain stability 
better than 1% 


© Base line drift less than 0.2 div. 
over 20°C. changes 


© Automatic stylus heat control 


e Inkless recording ; 
in true rectangular coordinates 


st proof of 


Only the Sanborn “350” oscillographic recording 
system offers both superior performance and 
operating versatility. You can interchange the 
plug-in preamplifiers — or use them separately 
with their own power supplies to drive a scope, 
meter, or optical oscillograph. The compact 
, : aoe pes (17% — a complete —_ 
ransistorized power amplifiers and power supply, 
may also be used separately (sensitivity 0.1 SCHAIT ” 
volt/chart division). That's real versatility! SANBORN “350 


Recorder features include built-in paper footage Direct Writing Oscillographic 
indicator, paper take-up, 8” of visible record, Recording System... 
simple paper loading from the front. Nine also available 
electrically controlled chart speeds are selected eee tissses with 6 channels 
by pushbuttons, and have provision for remote 
control. Connections are also provided 
for output monitoring. 


All these features — plus well-known Sanborn 
reliability — are yours in the Sanborn “350” 
system. Ask your local Sanborn Industrial 
Sales-Engineering Representative for complete 
facts — or write the en 

in 


At the 1.R.E. Show — Booths 3601-3605 S AM EF OR BI [ o- OmrPARN yw 
175 Wyman Street, Waitham S54, Mass. 
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Card programmed, automatic 
multiple switching is the most 
practical method for handling 
complex data in automatic in- 
spection, production control and 
computer work. The reliability 
and flexibility of the CARD- 
MATIC design has been thor- 
oughly application proven in 
complicated test equipment uses. 


Versatile 

A selected code card will actuate all desired contacts 
simultaneously—up to 3-trillion variables accommo- 
dated automatically. Or, switch can be manually 
operated with complete safety to mechanism and 
operator. 


Safe—Foolproof 

Design is based on the principle that the absence of a 
hole in the code card closes a switch contact. If switch 
= accidently actuated without a card, no contact will 


Reliable 

187 single pole, single throw floating contacts, of self- 
cleaning, wiping type, have relatively high current 
carrying capacity (10 amps.) and unusually low con- 
tact-to-pin resistance (.00025 ohms). Rugged in design, 
units have been use-tested to over 150,000 operations 
without failure. 


Flexible 

Basically a 3” x 5’ sandwich design. Top plate accom- 
modates up to approximately 60 individual contacts 
inviting use of contact strips to alleviate limitations 
due to wire size. All 187 contacts are available for 
individual connection on the bottom plate. 


Rugged 

A spring loaded cam arrangement with momentary 
control solenoid provides actuation with unusual sim- 
plicity. Heavy cast and machined parts allow use of 
husky operating torque (approx. 15 Ibs. . . . 50 contacts 
simultaneously) for heavy contact pressures with 
resultant low contact resistance and positive opera- 
tion. Switch jamming is virtually eliminated and 
proper card position is assured through a positive 
alignment feature. 


Proven in Application 

A typical use in complicated electronic equipment 
occupies minimum space (approximately 7” x 744" x 
5’’, 5 lbs.) Terminal strips provide neatness of access 
and mounting for standard electronic components. 
Basic switch is $125. Special insulation, wiring and 
tailoring to specification is available as extra. 


Write for technical 
literature today, 
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The Vacuum Tube 
Fights Back 


Development of the cold cath- 
ode gives the vacuum tube new 
life in its market battle with 
transistors. 


For the past two years, makers of 
vacuum tubes have watched some of 
their best user customers move into 
the fold of transistor suppliers. ‘I he 
trend to transistorization has been 
pushed by the requirement for in- 
creased reliability, a desire to ease the 
cooling problem, and the need to cut 
down the power requirements of 
electronic equipment. 

A research program which, till now, 
cost less than $200,000, has given the 
vacuum-tube makers an answer to 
some of the advantages of transistors 
and has produced one of the most 
significant component developments 
in recent years: the cold cathode for 
gasless vacuum tubes. 

Both the U.S. Army Signal Corps 
and Tung-Sol Electric, Inc., have 
worked on this development. To Dr. 
Dietrich Dobischek, scientist at the 
Signal Corps’ R&D Labs, goes credit 
for the initial breakthrough. He first 
discovered the ability of a magnesium 
oxide coating to sustain secondary 
electron emission with no external 
stimulus. In July 1956, Tung-Sol, 
under contract to the Signal Corps, 
started to develop and improve this 
magnesium oxide cathode. 

Last month, Tung-Sol engineers 
demonstrated the first practical appli- 
cation of the cold cathode—a 900-mw 
audio output tube. One of the most 
interesting aspects of the develop- 
ment: the ease with which this and 
similar tubes can be put into produc- 
tion. According to Dr. A. M. Skellett, 
Tung-Sol’s director of research, manu- 
facturing processes would be almost 
identical with those currently used 
for the hot-cathode tubes. Costs then 
would be about the same. 

Other obvious advantages of the 
cold-cathode tubes over the heated 
types include: 

PA much lower cathode power 
requirement—the tube demonstrated 
drew 1/10th the cathode power re- 
quired by a similar hot-cathode tube 

> faster starting—the cold cathode 
reaches full output in a fraction of a 
second 

> much longer life—one of the early 


ba | tubes has been in continuous oper- 
R RESEARCH AND DEVELOPMENT ation for over 14,000 hours with no 
The Hickok Electrical Instrument Company * 10514 Dupont Ave. + Cleveland 8, Ohio | noticeable decrease in the emission. 
Exhibited at Booth 3516-3518 IRE Show > noise level and some other char- 
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Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galvanometer re- 
corders. . . and Varian’s null-balance potentiometer 
needs no power from the source being measured. 
Rugged, stable mechanism allows ink or inkless re- 
cording — easy-to-read rectilinear chart — source im- 
pedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 19-inch rack. 
Two Varian G-11A’s mount side by side on a rack panel 
10% inches high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits on less than 
one square foot; its horizontal chart is handy for 
jotting notes. 


MORE VERSATILE AND ADAPTABLE than any similar re- 
corder —- adjustable zero, adjustable span (from 9 to 
100 mv on the G-11A), multiple chart speeds (up to 
four on the G-11A), and plug-in input chassis for dif- 
ferent recording requirements. 


PRICES THAT BEGIN AT $365 for the G-10 and $470 
for the G-11A. Because unneeded performance costs 
money, Varian has intentionally designed for 1% limit 
of error and 1-second balancing time. Thus, Varian 
provides needed ruggedness, dependability and oper- 
ating features at moderate cost. 


Varian G-10 bench-top 
recorder for accessible, 
horizontal chart. 


WRITE TODAY FOR COMPLETE 
SPECIFICATIONS AND STANDARD OPTIONS 





Varian G-11A for panel, : . = 
rack or portable use for laboratory 5 = , A N i @ ssociates 
or equipment builder. 3 — — i——+—_— _——_— 





=INSTRUMENT DIVISION 














PALO ALTO 40, CALIFORNIA 
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Semethustg Speceal 


i ® STANDARD STANDARD 


‘you're faced with precision calibration, production checks 


of other accurate instruments, or any kind of laboratory pressure | 
work ...in fact, any time you need better than 0.1% accuracy | 
that's the time to add a W&T precision mercurial manometer. 


Rapid readout with the magnified magnetic vernier me 
exact pressure readings easy. All ‘round leveling, temg 


range: 0 to 31.50 inches Hg., or any other desired 
unit of equivalent range. 


accuracy: 1/5000 over full scale. 


compensation and gravity correction are included, of course. te 
Ay 


€ 


For full information on all models of W&T pre- : “as 
cision mercurial manometers, write Dept. A-121.00. 


WALLACE & TIERINAN INCORPORATED 





25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


IN CANADA; WALLACE 4@ TIERNAN LTO.,WARDEN AVE., TORONTO 13, ONT. 
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Wel MERCHEN SCALE FEEDERS & METERS 


for Automatic Batch Control 
Continuous Blending 
Materials Accounting 

Control the feeding of ingredients by weight to an 
accuracy of 1%. 

Capacities range from 3 to 3000 Ibs. per min. 
WRITE FOR YOUR COPY OF OUR BULLETIN: M-31.28 
“The Best Weigh is the Merchen Way.” 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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WHAT'S NEW 


acteristics are about equal to those of 
hot-cathode tubes. 

On the debit side, the new tubes 
do need a fairly high minimum volt- 
age and some means for triggering the 
emission. 

While it’s still too early to predict 
what effect this development will have 
on the transistor industry, the chem- 
ical and physical stability of the cold 
cathode, as well as its wide temper- 
ature range, radiation resistance, and 
low cost, should make it a strong 
competitor for certain applications. 

In addition to the audio output 
tube, which could be put in produc- 
tion now, other applications are in 
various stages of development. These 
include a high-gain preamplifier, a 
cold-cathode electron gun, a flat, pic- 
ture-on-the-wall display device, and a 
new type of lamp for general illumin- 
ation purposes. 


Atomic Scale 


...weighs freight cars on the 
move. If promises significant 
savings for the railroads. 


CLEVELAND— 

Last vear American railroads spent 
almost $125 million weighing freight 
cars with track scales. Urgently pressed 
to cut costs, The New York Central, 
last month, experimented with a new 
technique that promises substantial 
savings in weighing. The new ap- 
proach: a nuclear scale. 

Research engineers from the Cen- 
tral tried out, in the Cleveland vards 
a breadboard model of a device that 
uses gamma rays to measure the weight 
of freight-car shipments. The ravs 
are emitted by a cobalt 60 source 
placed between the rails, and an 
amount depending on the thickness 
of the contents is absorbed bv each 
car. The degree of penetration is 
measured by a scintillation counter 
suspended above the tracks. 

Output of the counter is fed to an 
electronic comnuter, which records the 
weight of each car and transmits it 
to the railroad’s car service bureau 
involved in the shipment. 

As a result of preliminary experi- 
ments, railroads see three advantages 
of the nuclear device: 

> It will read weights while cars are 
in motion, moving at speeds up to 
2 mph. 

>It will weigh an entire series of 
cars in succession, cutting out un- 
coupling, which consumes a lot of 
time. 

P Its cost is estimated at $25,000, 





OFFNER 
ALL TRANSISTOR 


ka ot 


Illuminated canopy 


Type 9800 series input couplers provide all input, control 
and balance functions. | available both front and rear. 


Type 481 Preamplifier provides sensitivities 
from one microvolt to 5 volts per mm. 


Type 482 power amplifiers—may be used without 
for up to 10 mv/cm sensitivity 


Zero suppression control 


Combining all these features... 


stable d-c sensitivity of one microvolt per mm 
true differential input 

high input impedance 

response to beyond 150 cps. 


reluctance, differential transformer, strain gage with 
a-c or d-c excitation, thermocouples, etc., used with 
all preamplifiers 
deflection time less than 1.5 milliseconds 
(2.5 ms with preamplifiers) 

e fixed precision calibration 
instant warm-up 


precision source for d-c and 400 cycle excitation, 
self-contained 


zero suppression, twenty times full scale, 
both directions 


ee « 


the most versatile . . . most sensitive direct writing unit available 


DYNOGRAPRH 


504-A paper drive—speeds 
from 1 to 250 mm/sec. Elec- 
trical speed shift 1 to 250 
mm per minute available. 
Zero weave high precision 
drive, 850 ft. capacity (heat 
or electric) 1500 ft. (ink). 
Front loading, with full un- 
obstructed record visible 
from front. 


Thanks for your patience in 
awaiting deliveries of the 
Type R. Schedules were 
temporarily disrupted by 
the large volume of orders 
received for this radically 
new instrument. We are now 
in our new plant, with 300% 
more space, and are rapidly 
increasing production ca- 
pacity. Deliveries will soon 
be on a current basis. 





! 3 | WHAT’S NEW 
W 





|- emp 
> pot 
vation! (eae 


DYNAMIC BALANCE 


Breadboard model of atomic scale gets a try- 
out in New York Central Railroad yards. 


compared to $110,000 for an instru- 

mented track scale currently used. 
Says James T. Wright, director of 
Now “Unitized” construction provides greatest ; the NYC Technical Research Center, 
ea Sie > net “We are ge — a 
_— a et — energy can do this job safely, eco- 
bs eS beieie teenies —— a. and accurately. The device 


eters! Kintronic’s reliability through : will pose no radiation threat to work- 
severe shock, Yer ely ers A oon And _ the _ 
ocknowledged o emitted will not be strong enough to 
= —— con, erate ra S damage a shipment, even one as 
temperature operating characteristics - sensitive as photographic film. 
ae edded, Rynaasts 5 poeoane, Patan “tf At present, the is device 
MASCSES POTN accurate to plus or minus | percent o 
Secutnake ae ae gross valet. That means it could be 
ee Rs poe EEN — Secdonys oon train a a 
=m u er accuracy—within two-tenths 
_— Wi gi a Sn heads of 1 percent—is ee if the weights 
All stainless steel metal parts @ are to be used for billing purposes. 
Matched coefficient of expansion—all @ Research Director Wright feels that 
metal end insulating components future refinements will improve the 
_ Glass to metal seal terminals @ 5 | accuracy of the gamma ray device to 
hh. Spring loading @ , | | this point. 
z Next step is the development of a 
prototype unit for field testing. The 
Central is currently negotiating with 
Tracerlabs, Inc., for such a unit. It 
will have a series of sources and 
counters scanning the entire width of 
the cars (the breadboard model had 
only one of each). Researchers feel this 
will supply more accurate readings. 
—William Meldrum 
McGraw-Hill News 
* 
Two new computers have been 
developed by the Czechoslovakian 
Research Institute for Mathematical 
Machines. One will solve partial dif- 
ferential equations; the other is an in- 
terpolator for machine tool control. 
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Radio Receptor 


N ANY 
COMBINATION 
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CHARACTERISTICS 
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General Instrument semiconductor en- 
gineering has made possible these 
Radio Receptor diodes with a range of 
characteristics never before available 
to the industry. 


The types listed here are just a small 
sampling of the complete line which 
can be supplied in volume quantities 
for prompt delivery. Write today for 
full information. 


excellence in all parameters 


GENERAL PURPOSE 
TYPES 


1N456 1N461 
1N457° 1N462 
1N458° 1N463 
1N459° 1N464 


* JAN Types 


1N625 
1N626 
1N627 
1N628 
1N629 


ING’ 


FAST RECOVERY 
TYPES 


HIGH CONDUCTANCE 
TYPES 


1N482 
1N482A 
1N482B 
1N483 
1N483A 
1N483B 
1N484 


PLUS a large group of special DR numbers developed by General Instru- 
ment Corporation with characteristics thet far exceed any of the standard 


types listed above! 


See us in March at the IRE Show in New York—Booths 2211-2217 
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Compact! Easy to Read! 
Union Data Display 
Indicators 


Union Switch & Signal makes two types of electro-mechanical, DC- 
operated data display indicators: digital types, displaying 10, 12, or 16 
characters on a wheel; and alpha-numerical types, displaying up to 64 ehar- 
acters on a MyLar* belt. Character assignments can be furnished as required. 
TRANSLATION Both Digital and Alpha-Numerical Indicators operate 
directly on binary codes on a null-seeking basis. This eliminates the need 
for external equipment for translation from binary to decimal code, as 
required with other display devices. 
VISUAL READ-OUT Indicator packages are designed for quick, easy 
readability, even when indicators are mounted in rows. 
INFINITE RETENTIVITY The indicators require power only during the 
response time, because they are of the null-seeking type. Once positioned, 
the indicators retain the data visually and electrically until a new code 
is transmitted. 
ELECTRICAL READ-OUT The design of the decoding and control por- 
tions of the indicators provides electrical read-out of data in the same form 
as the input. The data can be read continuously or periodically without 
erasing the stored information. 
USES These indicators can be used in the output of digital computers, 
in teletype receiving equipment, in telemetering systems, or wherever data 
needs to be displayed. Bulletin No. 1015 gives you complete information. 
*Dupont’s synthetic fiber. 
See us at Booth #2122-24 at IRE Show—Mar. 23-26 


“roneers in Pubh-Cutton Science” 
NG UNION SWITCH & SIGNAL 
2) 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 


PITTSBURGH 18, PENNSYLVANIA 
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EUROPEAN REPORT 


An Editor Looks at 
The Physical Society Show 


CtE’s Derek Barlow spotted 
some new instrument develop- 
ments as he made the rounds 
at Britain's annual Physical 
Society Exhibition. 


LONDON— 

British scientists have often been 
accused of producing new ideas and 
then leaving the development to 
others. At January’s Physical Society 
Exhibition, visitors saw ample evi- 
dence that there was still no drought 
of ideas. But how far along these in- 
novations would come was anyone’s 
guess. Here are a few of the most 
outstanding ones: 

> High precision, brushless tacho- 
generator designed for speeds as low 
as a few revolutions per hour. In- 
vented by Prof. F. C. Williams of 
Manchester University, the instru- 
ment measures speed of rotation of a 
conducting surface by observing the 
magnetic field produced by circulat- 
ing currents induced in the rotating 
member. 

On the input shaft a nonferrous 
squirrel-cage rotor is mounted, lo- 
cated between the poles of a primary 
magnet. As the rotor revolves, circu- 
lating currents generate a field per- 
pendicular to the primary field. ‘The 
field is detected by a second harmonic- 
type flux detector made of two high- 
permeability strips carrying opposing 
windings energized from a frequency 
source. When both strips are ener- 
gized by the perpendicular field, a 
third winding takes off an output pro- 
portional to the speed and direction 
of the rotor. An experimental proto- 
type measures speeds as low as 0.1 rpm. 

> A simple contact system operated 
from the normal centrifugal governor 
eliminates speed-hunting on small 
electric motors. A stud with an oblique 
surface face protrudes from the gov- 
ernor system. Movement of the gov- 
ernor weights advance or retard the 
pin along its axis. Motion of the pin 
makes and breaks contacts in series 
with the motor, so that the time of 
application of the driving voltage in 
each and every revolution is propor- 
tional to the deviation of motor speed 
from its set value. Compared with 
simple governor control, speed varia- 
tions are cut by 60 percent. 

> New induction digitizer developed 
by GEC of Coventry provides five- 
digit cyclic binary-coded decimal out- 
puts without sliprings, photocells, or 
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INNER SPACE PROBLEMS? 


Most control engineers know they can rely on Kensico copper tubing to help solve 


problems of inner space control. Kensico’s highly skilled workmanship produces 


precision-drawn, trouble-free Capillary and Restrictor tubes for instrumentation 


and control systems. Mirror-smooth inside surfaces. Dependable, uniform flow. 


No flaking. Exact specifications. Accurate flow testing. Overall tube cleanliness. 


Friendly service. Engineering consultation available. Write for Free Flow Charts today. 


We also make hard and soft copper water tube. . . copper 
air conditioning and refrigeration tubes . . . copper tubing 
for propane gas lines, heat exchangers, automotive and 
industrial applications. 


CAMBRIDGE, MASS. + BUFFALO, N. Y. + UNDENHURST, N. Y. 

GOSHEN, N. Y. + ROSELLE, N. J. + PHILADELPHIA, PA. - PITTSBURGH, 

PA. + CLEVELAND, OHIO + DETROIT, MICH. - EVANSTON, ILL. 

ST. LOUIS, MO. + DURHAM, N. C, + FT. LAUDERDALE, FLA. 
ST. PETERSBURG, FLA. 


nsico TUbe 


COMPANY INCORPORATED, MT. KISCO, WN. Y. 
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AND IN STOCK 


.«. WONT WEAR OUT... 
NEVER NEEDS REPLACEMENT 


No tubes . . . no moving parts to weaken and fail from wear .. . 
not affected by dust, dirt, oil mist or iron filings . . . will even 
operate under water . . . sensing heads available for distances of 
% inch and 2 inches . . . also for explosion-proof applications . . . 
corrosion and vibration resistant ...won’t spark, pit or wear, 
because there are no contacts. 

Sure, they cost a little more initially. But we haven’t seen the 
application yet where the new Westinghouse proximity limit 
switch can’t pay for itself time and again through eliminated 
replacements and machine down time. 

GET ALL THE FACTS about new Westinghouse proximity 
limit switches . . . see how and where they can benefit you. Write 
to Westinghouse Electric Corporation, Director Systems Depart- 
ment, 356 Collins Avenue, Pittsburgh 6, Pennsylvania. J-01011 


YOU CAN BE URE...1F ITs Westinghouse 


warcW “wesriNdnbuse LUCILLE BALL-DES! ARNAZ SHOWS” CBS TV MONDAYS 
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commutators in the volume of a size 
11 synchro. It consists of a trans- 
former with a single exciting winding 
and a number of secondary windings 
equal to the number of digits. A mov- 
ing yoke decides the polarity of coup- 
ling between the exciting oe and 
the various digit windings which are 
arranged according to the code used. 

Adaptation of the same principle is 
being tried where the core and wind- 
ings of the transformer are opened 
into the arc of a meter scale. A light 
magnetic yoke is attached to the con- 
ventional meter-pointer to give the 
digital readout. 

>The only mechanical analog-to- 
digital converter, according to its 
builder, CNS Instruments, Ltd., of 
London, uses a normal self-balancing 
potentiometer on which is mounted a 
pinwheel disc. When the potentiom- 
eter balances and the disc with its 
protruding pins is locked in position, 
a cam drives an assembly of micro- 
switches against the pinwheel. The 
pinwheel position determines which 
switches are energized for a binary out- 
put. Using only standard parts, CNS 
claims a reading speed for three digit 
numbers of 10 sec per channel. Cost 
of a 50-input system complete with 
electric typewriter: $4,200. 
> Moire fringe positioning systems 
may become simpler following a de- 
velopment at the National Physical 
Laboratory that overcomes troubles 
caused by phototransistor tempera- 
tures. In the system—still in its proto- 
type stage—light passes through a 75- 
line-per-inch drum grating rotating 
at constant speed. A_ half-silvered 
prism transmits the modulated light 
in two perpendicular directions. One 
beam passes through a fixed grating 
on a phototransistor; the other illumi- 
nates a second phototransistor through 
a grating attached to the moving 
worktable. 

Previous methods have provided 
only a single pulse per fringe; the new 
NPL system allows continuous inter- 
polation between fringes with an ac- 
curacy of 0.0002 in.—and requires only 
half as many phototransistors. 

> Moire fringe techniques also ap- 
pear in an automatic burette monitor 
developed by the United Kingdom 
Atomic Energy Authority. A collar 
containing a light source and photo- 
transistor surrounds the  burette. 
Mounted parallel to the burette are a 
pair of 100-lines-per-inch diffraction 
gratings. As the collar moves down 
the burette the phototransistor counts 
the moire fringes generated. 

In operation, an electric motor 
hoists the collar up until it reaches a 
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IMPORTANT 
ANNOUNCEMENT 


LEVEL-TEK 
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New family name for 


Robertshaw level measurement 
and control instruments 


On January 1, 1959, Robertshaw adopted more 
uniform and meaningful trade names to identify 
its line of capacitance instruments. 


If you are engaged in mining, refining, processing or manufactur- 
ing...if you utilize or encounter liquids, granular solids, powders 
and interface... you can rely on these time-tested products. 


LEVEL-TEK (formerly Tektor) — An on-off device which operates local or remote 
warning devices or motor-driven valves and pumps when a predetermined level 
has been reached. 


LEVEL-TEL (formerly Telstor) — A continuous level system which detects, meas- 
ures and visually indicates changes in media level. 

LEVEL-SET (formerly Pneutronic Level Controller) — An instrument which con- 
verts changes in level to proportional changes in air pressure for maintaining a 
constant head in vessels where pneumatic feed control systems are employed. 
LEVEL-LOG (formerly Series 42 Recorder-Controller-Indicator) — A versatile and 
extremely accurate RF null balance capacitance system for level measure- 
ment, recording and control. 


LEVEL-TEL 


AERONAUTICAL AND INSTRUMENT DIVISION er 


Kobertshow Fulton CONTROLS COMPANY : 


SANTA ANA FREEWAY AT EUCLID AVENUE + ANAHEIM, CALIFORNIA yay 














This 
pot 
Stops 
hunting 


There are no magic components. The familiar type of servo-hunting can 
be avoided only by overall system design. 

But, by specifying the HELIPoT® 7/8” Series 7200, you can stop another, 
equally serious kind of hunting...for the buried ten-turn pot whose 
sheared stop or seized shaft has caused a system failure. 

The all-new Series 7200 blocks servomotor overshoot with 128 oz. in. 
of stop strength. Shaft bearings, front and back, resist radial loading. 

Priced for the parsimonious, this instrument-quality potentiometer has 
18” of high resolution coil neatly helixed in its 1-1/2” long case. Your accu- 
racy requirements are answered by linearities to +0.05%. 

Interested?... You should be! This volume-produced pot is long on 
everything but price and delivery! 

















For your further enlightenment... 
resistance range 25 to 125,000 ohms 
power rating 1.5 watts at 40°C 
noise 100 mv maximum 
starting torque 0.6 oz. in. maximum 
moment of inertia 0.2 gm. cm’. 


Applicable sections of NAs 710, M1L-R-19, JAN-R-19 and MIL-R-19518 are met 
or exceeded ... and we have certified test data to prove our every claim. 
To enrich your leisure hours, write for Data File G32. 

Beckman’ 


Helipot Division of Beckman Instruments, Inc. 
Fullerton, California 
Engineering representatives in 29 cities 


elipot® 


potentiometers : dials : delay lines : expanded scale meters : rotating components : breadboard parts 
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stop mechanism at the top of the 
burette. The collar remains there until 
released. Then it falls under the in- 
fluence of gravity, registering the dis- 
tance of fall in multiples of 0.01 in. 
When the liquid meniscus is reached, 
the light beam is interrupted and 
counting ceases. Meniscus height is 
printed out on paper tape. 

—Derek H. Barlow 


Panellit to Evaluate 
British Computers 


Four of the new British National- 
Elliott 802 computers will shortly be 
on their way to the United States to 
Panellit, Inc., for trials and eventual 
inclusion in Panellit’s industrial data 
processing systems. 

The 802, developed by Elliott 
Brothers (London) Ltd.—a member of 
the Elliott-Automation Group, the 
British subsidiary of Panellit—is a 
fully-transistorized machine designed 
for either office-data processing or as a 
part of the Panellit 609 information 
system. Both input and output to 
the 802 is supplied on five-hole 
punched tape; input speeds: 170 char- 
acters per sec; output rate: 25 char- 
acters per sec. A magnetic core stor- 
age has a capacity of 1,020 words, each 
of 33 binary digits. 

First British installation of the 802 
will be made shortly at the Calder 
Hall nuclear power station. Its use: 
reactor temperature monitoring. 


New Process Analyzer 
Provides Response 
Diagrams 


Based on analog computer and 
gated integration techniques, a new 
process response analyser developed 
by the Solartron Electronic Group of 
England produces phase-amplitude 
response diagrams down to a fre- 
quency of one cycle in 10* sec with 
an accuracy of 1.5 percent. Upper- 
frequency limit of the system is said 
to be 1,000 cps. 

There are two basic units, the oscil- 
lator and the display cabinet. The 
oscillator provides four-phase sine 
wave, square-wave or triangular out- 
puts. Meters on the display cabinet 
register amplitude and sign of the 
real and imaginary components of the 
system output signal. Digital readout 
connections enable the system to be 
used for automatic X and Y plotting 
of Nyquist diagrams. 





KOLLMORGEN Remote Viewing Systems... 


used in most atomic installations 


Radioactivity, caustic fumes, blast forces, 
inaccessibility and other adverse condi- 
tions hamper observation and inspection. 
To overcome these conditions, more and 
more installations in a widening range of 
industries are using Kollmorgen remote 
viewing instruments. Kollmorgen special- 
izes in the design and manufacture of 
instruments and systems for detailed ob- 
servation under difficult or apparently im- 
possible circumstances. Most of these 
devices can be readily adapted to photog- 
raphy or television. 

We have recently prepared a twenty- 
four page illustrated brochure which 
describes our facilities and primary fields 
of interest. For a copy, please write to 
Department 213. 


Photo courtesy Phillips Petroleum Company 
A Phillips Petroleum Company technician observes radioactive metallurgical speci- 
mens through a Kollmorgen Hot Cell Periscope installed at the Materials Testing 
Reactor Hot Cell, National Reactor Testing Station. The periscope helps determine 
characteristics such as tensile and impact strength, hardness, weight and density 
changes. Macrophotography of specimens is also performed through the periscope. 


and from Cape Canaveral to the 


The Nautilus and her sister ships of the Atomic Fleet, 
like most other U.S. submarines, are equipped with 
Kollmorgen periscopes. These instruments require highly 
precise optical, mechanical and electronic components. 


Kollmorgen Bunkerscopes are used at Cape Canaveral for 
observation of missile launching operations and static 
tests. Bunkerscopes allow detailed observation from a 
considerable distance with no danger to the operator. 
Images appear in bright, clear, natural color. There are 
no maintenance costs with these Bunkerscope operations. 


OL LMORGEN 


; ’ optical corporation 
Koll ill exhibit at ir, 
croc Apeit — are Cc NORTHAMPTON, MASSACHUSETTS 
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why AMPEX 





squares the 
hysteresis lcop 


Am Instrumentation Tape in- 
herits the same versatility and 
quality which make Ampex first 
in magnetic tape instrumentation. 
Coerciyity and retentivity are 
carefully balanced to square the 
hysteresis loop for uniformly 
output over the entire fre- 
—s spectrum. This optimized 
curve suits Ampex tape to 
any mode: direct, FM- — 
carrier, PDM or NRZ-digital. — 
The exclusive Ferro-Sheen proc- 
ess makes Ampex the smoothest 
of magnetic tapes. Improved head 
contact means consistently high- 
er output and less noise from the 
very first run, unlike other tapes 
which get “hotter” as they wear 
smooth. 


Smoothness means uniformity of 


0.25 db on each reel for low fre- 
quencies, a 1.5 db range for the 
highs. And regardless of base 
type or thickness, Ampex tapes — 
are interchangeable without 
equalization or bias adjustment. 
Ampex Instrumentation and Gen- 
eral-Purpose Tapes are available 
on hubs, NAB-type or die-cast 
nega arr Precision Reels. 
Widths of %,% and 1” are stand- 
ard on either Mylar* or —— 
diameters, and base thicknesses: 





AMPEX STANDARD TAPE LENGTHS (feet) 


REEL BASE THICKNESS (mills) 
DIAMETER 1.0 1.5 


1800 1250 
3600 2500 
7200 5000 





7* 
1034" 
14" 
*ou PONT TRADEMARK 


For complete specifications or 
additional tape literature, write 


AMPEX 
MAGNETIC TAPE 
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AROUND THE BUSINESS LOOP 


Smith Finds a Parent 


And Allis-Chalmers gets a new 
Hydraulic Div. by purchasing the 
Pennsylvania valve and turbine 
maker that had been three years 
looking for an acquiring firm. 


Though it remained financially 
strong, Allis-Chalmers Mfg. Co., sus- 
tained a few direct hits in the reces- 
sion. Highpoint of the year-long trek 
back up the sales curve came on Jan. 
28, when the big, diversified manufac- 
turer purchased the much smaller 
(1,000 employees) S. Morgan Smith 
Co. of York, Pa., the all-muscle-no-fat 
designer and builder of hydraulic tur- 
bines, valves, and other machinery. 

More than 430,000 shares of Allis- 
Chalmers common stock were ex- 
changed at a 1.1 to 1 ratio for more 
than 395,000 capital shares of SMS 
stock, of which three-fourths is held 
by the Smith family. At current values, 
the A-C stock would be worth about 
$12 million. It represented a new 
issue, did not necessitate an increase in 
authorized amount. 

The affiliation is a beautiful illustra- 
tion of mutual respect. Important 
companies, some of them as large as 
Allis-Chalmers, had courted S. Mor- 
gan Smith ever since it announced, 
about three years ago, that it was seek- 
ing an acquiring firm. Its stipulations: 
the firm had to be able to make good 
use of SMS’s facilities, and at the 
same time show sufficient diversi- 
fication and potential earning power 
to make an exchange of stock taste 


sweet to its stockholders. The choice 
of Allis-Chalmers reflects, therefore, a 
high degree of invested confidence. 
e Industry leaders—The two compa- 
nies have been among the four foremost 
manufacturers of water-power-genera- 
tion equipment in the U.S. (the oth- 
ers are Baldwin-Lima-Hamilton Corp. 
and Newport News Shipbuilding & 
Dry Dock Co.). The merger simply 
takes SMS out of the running as a 
separate company, shapes it into the 
new Hydraulic Div. of A-C’s Indus- 
tries Group. It does not affect the 
autonomy of SMS’s engineers. 

Stephen Morgan Smith, who de- 
veloped one of the first successful 
hydraulic turbines in the U.S., formed 
his company in 1877. It was destined 
to become a leading designer and 
builder of these turbines, and a pro- 
ducer of control valves and other com- 
ponents for many industries. 
e Valves are big business—Conical 
plug-type Rotovalves and butterfly 
valves ranging in size from 4 in. to a 
gigantic 72 in. account today for 
about 25 percent of SMS’s annual 
billings. ese — have gone 
into, among other things, aircraft 
windtunnels. The photos on this page 
show an 18-ft-in-diameter butterfly 
valve designed by SMS for the world’s 
largest propulsion windtunnel at 
Tullahoma, Tenn., and a 24-in. Roto- 
valve it built and installed between 
the blowdown vessels and settling 
chamber in a 3,700-mph windtunnel 
at Convair-San Diego. New models are 
being designed for 2,500 psi at 2,500 
deg F. 

The butterfly valves, incidentally, 


Left—This 18-in.-in-diameter butterfly valve was designed by S. Morgan Smith for the plenum 
evacuation system of the world’s largest propulsion windtunnel at Tullahoma, Tenn. The big 
valve moves from full open to full closed in about 10 sec, supplies 1,200 a oil pressure to the 


operating cylinders. Right—This 24-in. Rotovalve, designed for Convair— 


an Diego, operates at 


600 psi, 400 deg. F, on a 1-sec open-to-close cycle. Its rangeability is about 150 to one. 














RUGGED 
PORTABLE PACKAGE 
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X ZA IMPEDANCE BRIDGE 


A Completely New Design to Replace A Famous G-R “Workhorse” - - : Provides protection in 
transit and convenience in use 
% Bridge is battery operated and completely self contained — has built-in transistorized 
1-kc oscillator and selective detector; meter null indication for both ac and dc. Total 
battery drain is less than 10 ma, providing 1-yr. life for typical laboratory use. 
* Orthonull*—a new, unique mechanical ganging of bridge’s variable elements permits 
measurements to be made without annoying sliding balances. 


x Wide range — to 1000 yf, 1000 h, and 10 M®. 
x Accuracy holds over all ranges — not reduced at range extremes. 


% Provision for applying up to 600v dc to capacitors and small currents to inductors 
for polarization purposes and measurements at various d-c levels. 


PARAMETER RANGE ACCURACY 


Resistance, AC and DC 0.0012 to 10 Ma +1% = 0.00190 
(External DC required above 100 k 2) _ (residual R = 1 ma) _... panel tilts to any convenient angle 


Capacitance, series or parallel q nt se +1% = 1 ppf 

7 ra nges _|__(resicual Cz XG pul) 
Inductance, series or parallel 1 wh to 1000 h *#1% = 1l ph 
7 ranges | __ (residual L ¢ 0.2 wh) 


D (for series 0.001 tolatike | «5% =O0.00latike 
Capacitance case) “+~“Ww— 


D (for parallel 0.1 to 50 at 1 ke +5% 
capacitance case) Ti} im tees 

Q (for series 0.02 to 10 at 1 ke 5% 
inductance case) ww 


SQ —f — — 
Q (for parallel nt 1 to 1000 at 1 kc for 1/Q «5% = 0.001 at 1 kc 





























inductance case) 











FREQUENCY RANGE: (1-kc supplied internally) 
1% accuracy for L and C from 20c to 20 kc 
1% accuracy for R from 20c to 5 kc 
D and Q ranges are direct reading at lkc 


Type 1650-A Impedance Bridge . . . $440. 
Type 1650-P1 Test Jig, for convenient production testing . . . $19.00. 


SEE IT AT THE ea GENERAL RADIO COMPANY J cansniver 
along with 15 other important n oe os ingen Bee 


-3312 
Booth Numbers 3302-3 } NEW YORK AREA CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES 


Brood Ave. ctlinden 6605 W. North Ave 1150 York Rd 8055 Thirteenth St 1182 Los Altos Ave. 1000 N. Seword & 








Ridgefield, N. J Ook Pork # Abington, Po Silver Spring, Md Los Altos, Col Los Angeles 38, Cot 
N.Y. WOrth 4-2722 Village 8-9400 Hancock 4-7419 MUniper 53-1088 WHitecliff 8-8233 HOllywood 9-620! 
*U.S. Patent 2,872,639 N. J. WHitney 3-31.40 
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interchangeable with all | 


standard JIC cylinders 


With the introduction of the ALL NEW T-J Squair 
Head, Tomkins-Johnson now offers industry the 
most complete design range of air and hydraulic 
cylinders. Presently available in bore diameters 
from 1-% to 8 inches, the T-J Squair Head is an 
interchangeable cylinder which produces maxi- 
mum force and efficiency, with minimum pres- 
sures ...and is also adaptable to the use of low 
pressure oil as the working medium. Write today 
to The Tomkins-Johnson Co., Jackson, Michigan, 
for Bulletin #SQ 10-58 and complete details. 


CHECK THESE 10 POINTS OF T-J SUPERIORITY 


1. 
. Hard Chrome Cylinder Bore 


One Piece Piston 


and Piston Rods 


. High Tensile Steel Tie-Rods 
. Cushion Adjusting Screw, 


Externally Adjustable 


. New Super-Cushion for air, 


or Self-Aligning Master Seal 
for oil (T-J Patents) 


. Solid Steel Heads and 


Mounting Plates Standard 
all Models 


7. Port Design Allows Mini- 
mum Pressure Drop on 
Inlet or Outlet 


. Chevron Type, Self-Adjust- 
ing Rod Packing 


. Piloted Packing Gland=— 
Absolute Alignment 


. Piston Rod, Extra Strong— 
Polished and Chrome Plat- 
ed for Efficiency and Pro- 
tection 


TOMKINS-JOHNSON 
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were the business of R-S Products 
Corp. of Philadelphia, whose common 
on was acquired by purchase in 
1950. R-S Products was operated as a 
subsidiary until 1953, when it was 
merged into SMS and became part 
of the parent company’s Valve Div. 
In 1957, this operation was transferred 
to the home office at York. 

Other SMS lines are water-han- 
dling equipment, adjustable- and fixed- 
vane axial-flow pumps, axial-flow air 
compressors, and _ specially-designed 
hydraulic and mechanical equipment. 

Still its most important products, 

SMS’s hydraulic turbines today are de- 
veloped to the point where different 
units can handle water heads of from 
less than 100 ft to more than 1,000 
ft. Some, like the six reversible units 
being built for the Tuscarora Pump 
Power Plant at Niagara, N. Y., have 
extreme capabilities. These turbines 
can pump water as well as generate 
power, and have a total horsepower 
of 168,000. 
Joined on power project—It is at this 
new Niagara power project that the 
mutuality of $. Morgan Smith’s and 
Allis-Chalmer’s interests comes into 
perhaps clearest focus. While the 
newest AC facility works on one por- 
tion of the project, on a plateau about 
a mile east of the Niagara River, an- 
other (West Allis) works on the Lew- 
iston (N. Y.) Power Plant, located 
on an escarpment of the Niagara 
River about three miles below Niagara 
Falls. 

In 1890, S. Morgan Smith em- 

ployed 20 people and had a limited 
outlet for its products. ‘Today, its 
1,000-plus employees work in 447,000 
square feet of space, divided into two 
plant sites. In 1957, a record year for 
the Pennsylvania company, sales to- 
taled $23,495,542, and net earnings 
came to $1,563,797. Backlog, as the 
company went into 1958, amounted 
to $31,649,218. 
e AC also healthy—The firm that was 
founded in Milwaukee in 1847 to 
manufacture French burr millstones 
for flour milling, became known as 
Allis-Chalmers in 1901, when it added 
mining and ore-processing machining 
to its burgeoning product line. For it, 
too, 1957 (the last full year for which 
figures have been disclosed) was a 
good year. Sales came to $534,146,- 
000, down by only about 2.4 percent 
from a record $547,439,000, while 
earnings were $17,819,251, down by 
about 9.3 percent from a_ previous 
$20,355,045. 

Furthermore, Allis-Chalmers offi- 
cials believe that though sales for 
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4 times actual size 


Mock-up of CLARE Type F 
Relay enlarged to show 
operating mechanism. Note 
bifurcated contacts which 
enable this relay to handle 
a wide variety of 

contact loads. 


With this ONE 


You can handle contact loads from 3 amperes down to 1 microampere, 1 millivolt 


SPECIFICATIONS 
—85° C to +125° C. 


@ In one relay—the Type F —CLARE 
provides a precise component of unusual 
flexibility for long life operation under a 


65 Gs for 11 milliseconds. 

5-75 cps at maximum excursion of % 
inch, 75-2000 cps at 20 Gs acceleration. 
Sea level—1000 volts rms between ter- 
minals and frame, and between adjacent 
circuits; 750 volts rms between con- 
tacts of a set. At 80,000 ft., 350 volts rms. 
1000 megohms minimum at 125° C. 
Coils up to 10,000 ohms available for a 
wide range of voltage or current oper- 
ation. 


Nominal Operating Power. .250 milliwatts. 

PU THR 660s secacacess 3.5 milliseconds nominal. 
Dropout Time............... 1.5 milliseconds nominal. 
Contact Arrangement 


2 pdt (2 form C). 

3 amps resistive at 28 volts d-c or 115 
volts a-c; also will handle loads of 1 
microampere @ 1 millivolt reliably. 


Contact Resistance........ 0.30 ohm maximum. 


500,000 operations minimum at 2 amps; 
100,000 operations minimum at 3 amps; 
1,000,000 operations minimum at1 amp. 
Hermetically sealed, filled with dry nitro- 
gen at 1 atmosphere pressure. 
All popular mounting arrangements 
available. 
Printed circuit; solder; plug-in (match- 
ing socket available). Variations of 
printed-circuit terminal length on 1/10- 
inch grid spacing available. 

..17 grams, 
MIL-R-25018, except as to contact 
bounce. 


wide variety of contact loads. 

Tests have shown a performance of over 
22,500,000 operations at 0.1 ampere, 115 volts 
a-c. Minimum contact life at 3 amperes is 
100,000 operations. Contacts have carried 
1 microampere, 1 millivolt for 700,000 oper- 
ations with a failure resistance of 500 ohms, 
with no misses recorded. 

This amazing low-level life is primarily a 
result of the use of gold plated contacts. 
These same contacts, however, will carry 
up to 3 amperes. 

A special plug-in mounting arrangement 
that will stand extreme shock and vibration 
is now available. 

The CLARE Type F Relay is hermetically 
sealed, operates perfectly in a wide range of 
temperatures, withstands heavy shock and 
vibration — is fast and more than moderately 
sensitive. 

Send for Engineering Bulletin No. 124 
Write or call C. P. Clare & Co., 3101 Pratt Blud., 
Chicago 45, Illinois. In Canada: C. P. Clare 
Canada Ltd., 2700 Jane Street, Toronto 15. Cable 
Address: CLARELAY. 


CLARE RELAYS 


FIRST in the industrial field 
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wae |) You ot 
_ better 
performance 
at 


LOWEST COST 


Avoid excessive relay costs . . . reduce 
needless relay space requirements . . . simplify installation and get better per- 
formance with relays by Comar, custom-made to your specifications. All 
types are available with any combination of switches, contact materials, coils, 
leads and mountings required. Complete engineering, manufacturing and 
sealing facilities are all combined in one large, modern plant to reduce your 





costs and speed delivery. Write for complete information today. 


Write for your new free Comar catalog 


COMAR 


HBLECTRIC COMPANY 


3349 ADDISON ST., CHICAGO 18, ILL. 
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1958 may total up a little below those 
for 1957, the profit margin should be 
better. ‘They point to an improve- 
ment in sales in the last six months 
of last year, which did not quite reach 
a high-enough level to overcome a 
slow start. 

Products for the control field glit- 
ter under A-C’s tremendous expanse 
(16 plants in the U.S., Canada, and 
England). The Industries Group, for 
example, produces machinery for the 
generation, distribution, transmission, 
and control of electric power. Like S. 
Morgan Smith, it fills major orders in 
the hydroelectric field; but it also fur- 
nishes condensers and betatrons, does 
outstanding work in insulation, and 
has trained more than 10,000 persons 
in its Mobile Regulator Engineering 
Training School. 

The Industrial Equipment Div. 
manufactures compressors, induction 
and dielectric heating equipment, rec- 
tifiers, crushers, grinding mills, rotary 
kilns, screens, roller mills, and other 
processing machinery, as well as com- 
plete processing plants. ‘The introduc- 
tion of semiconductor diode equip- 
ment has shot this division’s rectifier 
sales skyward. In 1957, it received its 
largest order in 10 years for mercury 
arc rectifiers. 
¢ The key men—Allis-Chalmers: R. S. 
Stevenson, president; W. G. Schell, 
executive vice-president; Joseph L. 
Singleton, vice-president, Industries 
Group; J. W. McMullen, vice-presi- 
dent and general manager, Power 
Equipment Div; W. M. Wallace, 
vice-president and general manager, 
General Products Div.; P. R. Bauer, 
vice-president and managing director, 
A-C International; H. K. Ihrig, vice- 
president, Research Div.; J. D. Greens- 
ward, vice-president and general man- 
ager of manufacturing, Industries 
Group; R. M. Casper, general man- 
ager, Atomic Energy Div.; R. L. Hal- 
sted, general manager, Industrial 
Equipment Div. 

Hydraulics Div. (formerly S$. Mor- 
gan Smith): Beauchamp E. Smith, 
general manager; Burwell B. Smith, 
assistant general manager for sales; 
Duncan D. McArthur, assistant gen- 
eral manager for industrial relations, 
procurement, and the comptroller’s 
office. William J. Rheingans will be 
in charge of engineering. 


TI, Metals & Controls Talk 
Merger; Others Tie Knot 
Still in the talking stage is a merger 


that would consolidate Texas Instru- 
ment, Inc., of Dallas and Houston, 





chart it... see it. =~ es decide i te 
my & 


You act quickly. ..when you see facts —— on charts! 
Call Technical for these chart services: 


STANDARD CHARTS... “Special” Charts... 
over 15,000 fit your need! 


Read the pulse of heat, Rocket "go or no-go” charts... 


flow, pressure... whatever chart design 


whatever vital stream you need, call us... 


DATA PROCESSING 7 you check, whatever we'll modify, 
CENTER "make" your meter is, or start from scratch 
We save chart users time, money 
. . let us analyze your needs, ‘ 
and draw a purchase plan. on technical charts... exactly... 


you'll act fast with facts to fit your needs 


write NOW for info! send for "Special" data! 


cECHNICK saves corporation 


189 Van Rensselaer Street ° Buffalo 10, N.Y. 


representatives for Technical Charts Inc. and Staebler & Baker, Inc. 
Subsidiaries of Graphic Controls Corporation 
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and Metals & Controls Corp. of Attle- 


I 
boro, Mass., into a $135-million-a- 
year enterprise (TI’s sales for 1958: 
more than $90 million; Metals & Con- 
trols’: $45 million). One preliminary 
of the merger has already been ac- 


complished: C, J. Thomsen, formerly 


director and vice-president of TI, has 

| AV A BI 6 W AY been elected president of M&C, and 
is now active in that office. 

An exchange of stock will consum- 


entocEe CONTROL mate the merger, if and when it comes 
aa are off. Stockholders will vote on it 
SB" SFI Rereat Op wage 
INDICATOR early this year. 
But other mergers are already facts. 
They involve: 


rasa - ® Eastern Air Devices, Inc., and Nor- 
FEEDBACK NATURAL bute Corp., the industrial subsidiary 
Ba san 1 eared nou | mae J of Cuesatat Petroleum Corp. Ex- 
ee a plained W. H. Garbade, president of 
: Crescent Petroleum: “In line with our 
| HYDRAULIC RELAY UNIT Pn Ee development in oil and gas, we are 

striving for parallel growth in our 
ee oe ie field oF industrial activities— 
scientific and laboratory installations, 
electronic and electrical manufactur- 
ing. We have just achieved a major 
step in this direction through the 
acquisition of Eastern Air Devices, 
HYDRAULIC RELAY UNIT Inc., a well-known manufacturer of 
specialized electronic - mechanical 
equipment.” Hugh G. Hamilton, 
president of EAD, becomes president 
of the new EAD Div. 


> Combustion Engineering, Inc., and 
FIN FEEDBACKS PAFIN RESET General Nuclear Engineering Corp. 
TRANSMITTER __._SP TRANSMITTER | Actually an acquisition, with Com- 


bustion Engineering in the ascendant 

role, this move puts General Nuclear’s 

i ila | President Walter Zin in charge of all 
STABILIZING FIN of Combustion’s nuclear power activ- 
ities. Some of these activities: fuel 


element fabrication, core assembly, 
and the manufacture of a variety of 
heavy components. Zinn is a former 


director cf the AEC’s Argonne Na- 
tional Laboratory. 


> Amphenol Electronics Corp. and 
The George W. Borg Corp. Stock- 
| holder approval cements this merger, 


initiated earlier by the two manage- 
ments (CtE, Jan., p. 152). 






































Precision Electrical Instrument Makers for 


LOW SPEED GYROS, HYDRAULIC RELAY| eo a sous 


Div.; formerly Northrop Aircraft, Inc., 


UNITS, MAGSLIPS AND SYNGHROS — | Aipse titres tmos forme 


the Airpax Products Co. 
Airdox Cardox Products Co. of Chi- 


cago (gas compressi yr . " 
MUIRHEAD INSTRUMENTS INC. - 677 Fifth Ave.- New York 22 - NY. - USA. rie nn — systems); for 


MUIRHEAD INSTRUMENTS LIMITED - STRATFORD - ONTARIO - CANADA The Controls Div., formerly the 
MUIRHEAD & CO. LIMITED - BECKENHAM - KENT. - |) ENGLAND ae ns Se emgen Chemicals 


& Controls, Inc. 
CIRCLE 52 ON READER-SERVICE CARD 
CONTROL ENGINEERING 


3 








LAMBDA'S ALL-TRANSISTOR LINE 


Delivered now + Guaranteed for five years 


FOUR NEW POWER SUPPLIES 


_ 
oe 


LAMBDA 
REGULATED POWER SUPPLY 


1-AMP and 2-AMP- CONVECTION COOLED 





ack aes 





No internal blowers - No moving parts arene 


0-32 vbC Model LT 1095M (metered) 
0-1 AMP 0-2 AMP Model LT 2095 


Model LT 2095M (metered) 








PRE GOL Sie APTS RP EH Bai tlhe OS 


e Ambient 50° C at full rating. e Compact. Only 342” panel height. @ All transistor. No tubes. 
e High efficiency radiator heat sinks. e Short-circuit proof. e Fast transient response. 


@ Silicon rectifier. ® Protected by magnetic circuit breakers. @ Excess ambient thermal protection. 
® 50-400 cycles input. a Hermetically-sealed transformer. De- . Excellent regulation. Low output impedance, 
© Special, high-purity foil, long-life signed to MIL-T27A. Low ripple. 

electrolytics. e Remote sensing and DC vernier. 





CONDENSED DATA 


Voltage Bands . . .0-8, 8-16, 16-24, 24-32 VDC Electrical Over- 

Line Regulation ... Better than 0.15 per cent or 20 millivolts load Protection ... Magnetic circuit breaker, front panel 
(whichever is greater). For input variations mounted. Unit cannot be injured by short cir- 
from 105-125 VAC. cuit or overload. 

Load Regulation... Better than 0.15 per cent or 20 millivolts Thermal Over- 

(whichever is greater). For load variations load Protection ...Thermostat, manual reset, rear of chassis. 
from 0 to full load. Thermal overload indicator light,front panel. 

AC Input 105-125 VAC, 50-400 CPS i 3144” Hx 19” Wx 14%" D. 











\ ow! 1959 CATALOG 


sh sijcs seas ame oe LAMBDA ELECTRONICS CORP 


specifications on Lambda’s full line of transis- 11-11 131 Street, College Point 56, N.Y. 
tor-regulated and tube-regulated power supplies. 
Send for your copy 
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TRANSISTORIZED DIGITAL 
MAGNETIC TAPE HANDLER 
MODEL 906 


e Check these new standards 
of reliability and performance 


¢ Completely transistorized for maximum + Normal speed up to 100 i.p.s. 


Over 50,000 passes of tape without sig- + Six speeds forward or reverse up to 
nal degradation 150 i.p.s. 

Linear servo system e Better than 3 milliseconds start, 1.5 
Life expectancy of pinchroll mechanism: millisec. stop 

ever 100,000,000 operations * Front panel accessibility 


Skew + 3 Msec 4" tape, center clock at 
100 i.p.s. e In tine threading 


Vacuum loop buffer + End of tape and tape break sensing 
Continuous flutter free cycling 0 to 200 ° All functions remotely controllable 
cps e Tape widths to 1%” 


The 906 is usually supplied with the Potter 921 transistorized Record-Playback Ampli- 
fier; a unit that features: 
Pulse or level outputs 


Output gating 
1 Lp.s. to 150 i.p.s. 


Manual, relay, or 
electronic function switching 
Dual read-write operation 


Potter also manufactures a complete line of Perforated Tape Readers, High Speed 
Printers and Record-Playback Heads. 


Contact your Potter representative or call 
or write direct for further information. 


See us at the 
L.R.E. Show— 
Booths 1912-14 


POTTER INSTRUMENT COMPANY, INC. 
Sunnyside Boulevard, Plainview, N. Y. 


The mark of OVerbrook 1-3200 


Engineering Quality 


or qualified engineers who 


mee? it 
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Is TEAM in a Slump? 


Hoffman has confined unique sub- 
contracting approach to one 
effort, has handled subsequent 
jobs in a conventional way. Why, 


is hard to say. | 

Two things were’ especially inter- 
esting about the Tall Tom all-clec- 
tronic reconnaissance system that 
Hoffman Electronics Corp. was build- 
ing for the Air Research & Develop- 
ment Command of the Air Force 
(CtE, April ’58, p. 42): it was the big- 
gest contract Hoffman, a relatively 
small control firm, had ever received, 
and it was going to be handled on the 
TEAM (Total Engineering and Ad- 
ministrative Management) level. 

But that was almost a year ago. 
No more Hoffman contracts have be- 
come TEAM projects, and one has 
superseded Tall Tom as Hoffman's 
largest. 

Two questions immediately suggest 
themselves: what has been the prog- 
ress of Tall Tom, the one TEAM con- 
tract, and why hasn’t a contract for 
the Air Materiel Command, which 
superseded Tall Tom in size, been 
undertaken as a TEAM job? 
are some of the other contracts re- 
ceived by Hoffman to-date? 

¢ Too top-secret—Hoffman’s feeling 
is that a full disclosure of how TEAM 
now shapes up in the eyes of top of- 
ficials will be giving away too much 
about Tall Tom itself, which is an 
extremely classified project. For this 
reason, it prefers to speak only in very 
general terms about its unique con- 
tract-engineering approach. Here is 
all it will say: 

The TEAM concept has worked out 
very satisfactorily, with only slight 
modifications made to the organiza- 
tional structure as first proposed to 
the Air Force. Under the concept, 
the Hoffman Laboratories Div. at Los 
Angeles, guided by a management 
policy board of key representatives of 
participating companies, acts as sys- 
tems manager. It assigns a program 
director, who has responsibility for 
the overall performance of a contract, 
and three assistant directors, who re- 
port to him on: systems engineering, 
fiscal, purchasing, and contract oper- 
ations, and communications. 

The outstanding feature of TEAM, 
Hoffman has said, is that it provides 
the necessary degree of intimacy be- 
tween a prime contractor and its subs. 
The economics that are obtained re- 
sult because all subcontractors are 

(Continued on page 177) 





ALLIS-CHALMERS ACQUIRES 
S. MORGAN SMITH 
--- FORMS NEW 


HYDRAULIC 


DIVISION 





Rotovaives * 


Ball Valves ¢ R-S Butterfly Valves «+ 


On February 1, the S. Morgan Smith 
Company became a part of Allis- 
Chalmers. Extensive A-C facilities 
in Milwaukee, together with two S. 
Morgan Smith plants in York, Penn- 
sylvania, are now operating as the 
newly created Allis-Chalmers 
Hydraulic Division. 


In acquiring S. Morgan Smith, A-C 
combines its own broad background 
in hydraulics with the 80 years of 
diversified engineering and manufac- 
turing knowledge of SMS. 


The York facilities will be devoted 
to the continued research, design, en- 
gineering and fabrication of a com- 
plete line of hydraulic turbines and 
accessories, pumps and pump-tur- 
bines, valves for industrial, water- 
works and power applications, and 
specialized heavy equipment. 


Product information or engineer- 
ing help can be obtained from your 
nearby Allis-Chalmers office, or by 
writing Allis-Chalmers, Hydraulic 
Division, York, Pennsylvania. 


HYDRAULIC DIVISION 


RESEARCH DESIGN 
ENGINEERING FABRICATION 


Free-Discharge Valves « 


Liquid Heaters * Pumps * 


ALLIS-CHALMERS 
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The myth and the missile 


THE MYTH: Because he warred with 
Zeus, Atlas, in classical mythology, 
was punished by being made to sup- 
port the entire world on his shoulders. 


THE MISSILE: Today’s Atlas ICBM 
bears a symbolic relationship to its 
classical namesake. For the future 
course of world events may well de- 
pend in large part on the role of the 
mighty Atlas. ARAM provides the guid- 
ing spirit for the Atlas: the inertial 
navigation system which guides it to 
its destination. Brain of the system is 


ARMA'’s airborne digital computer, 
operational under severest conditions 
of vibration, temperature, noise, accel- 
eration and deceleration. Heart of the 
system is MRAf4Z’s inertial platform, 
the stable reference table from which 
data is fed to the computer. 


ARMA aiso provides a comparable 
all-inertial guidance system for the 
Titan ICBM, companion-in-arms of 
the Atlas. AffA@4 ... Garden City, New 
York. A Division of American Bosch 
Arma Corporation. 6416 


AMERICAN BOSCH ARMA CORPORATIONW 
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NeW SILICON TRANSISTORS 


FOR FAST POWER SWITCHING 





+ 10V 


SWITCHING TEST CIRCUIT 


Featuring fast switching, low J 


capacitance, and good bottoming 2N1140 | ST4080 | ST4081 2N343 
voltage in the range of 10 to Vee 40 60 60 60 Volts 
100 milliamps, Transitron’s Veb 5 3 3 1 Volts 





2N1140 extends what is already Power Dissipation 
100°C amb. 0.5 0.5 0.5 0.! 0.4 Watts 


100°C case 1.2 1.2 1.2 Watts 


industry’s widest range of 





silicon switching transistors. 
The 2N1140 is designed for use SPECIFICATIONS AND TY 


as a drum memory driver, core 
driver-driver, and high level ee ote V- = 10 Volts 
= Vo = 
multivibrator. "A 
8 at Max. rated voltage 
Additional new types ST4080 Mer & 
cs 


and ST4081, because of their at Ic = 20 ma,le = 5 ma 


Beta linearity and superior hfe 
: at 10 mc typical 
bottoming, offer many 


Ce 
advantages over types 2N339, at Veb = 10 volts,le = 0 
2N342 and 2N343. he, | 


. 
at Ic = 50 ma,Vce = 6V | 
For further information, oe 
write for Bulletin TE-1355. : a 
*atle = 5ma **at lo = 50 ma 

Ve = 10 Volts Ih = Sma 



































TRANSISTORS * RECTIFIERS * DIODES * REGULATORS * VOLTAGE REFERENCES 


4 ¢ trangitron 


electronic corporation * wakefield, massachusetts 


VISIT US AT IRE SHOW— BOOTH NOS. 2433-2437 








that SOLVED special control problems. 


® How this engineering experience 
can help you. 


The small Time Delay Timer represents 
one of the simplest motor driven timers 
we manufacture. It is a reliable standard 
fixed time delay type. 


Industrial Timer also manufactures this Punched Tape Program- 
mer which controls 85 individual load circuits through an unlimited 
number of steps. No coding or elaborate memory systems are re- 
quired, making possible direct control from Programmer to process. 





Between these two extremes we list 1688 different timers, of which 
39 are standard types and 1649 are “specials” developed to solve 
difficult control problems. 


Most timing problems have their own unique characteristics. 
However, it very often happens that a control problem is quickly 
solved by one of these 1649 already developed special timers. If 
not, we have the staff, the experience (20 years) and what’s 
more important, the desire to design and deliver the timer 
that fills your needs 100%. Send us your specifications. 


COMPLETE NEW TECHNICAL BULLETINS NOW READY 
Ask for complete catalog or individual bulletins by number 


re 


No. 100 Card & Tape No. 200 Motor Driven Multi-Cam 


4 atal 
Complete Catalog Programmers Cam Timers Timer Kit 


Timing Controls 


©o 


FF comme com METERS « 


No. 700° Time Meters & No. 800 Explosion Proof 
Time Totalizers Timing Controls 


AFFILIATE—LINE ELECTRIC COMPANY 


INDUSTRIAL TIMER CORPORATION 


1419 McCARTER HIGHWAY, NEWARK 4,N. J 
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105 db gain in 6O mc I-F strip 





ano 


tae 


a 


er 


with Tl SNSS silicon transistors 


106 db i-F STRIP 
CHARACTERISTICS 


Bandwidth: 20 mc at 3-db down 
Center Frequency: 60 mc 


No neutralization required 


The high gain of TI 3N35 transistors at high 
frequencies permits mismatch in the interstage 
coupling networks to eliminate complicated neu- 
tralizing circuitry. You save extra component 
costs, design with ease and gain added reliability 

. because the mismatch in this application sacri- 
fices only 2.55 db gain per stage! 


ap 
QD nits 


from THE WORLD'S LARGEST SEMICONDUCTOR PLANT 


Designed for your high frequency oscillators, i-f, 
r-f, and video amplifier circuits, the Tl 3N35 
features ... 20-db power gain at 70 mc... typical 
150-mce alpha cutoff... operation to 150°C. These 
characteristics make transistorization feasible for 
radar, communications, missile, and other high 
reliability military applications. 


In commercial production at TI for two years, the 
3N35 has a product-proved record of high per- 
formance and high reliability. These units are in 
stock now! For immediate delivery, contact your 
nearby TI distributor for 1-249 quantities at fac- 
tory prices...or call on your nearest TI sales 
office for production quantities. 


TEXAS INSTRUMENTS 
INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 
DALLAS, TEXAS 











MEASURE WEIGHT, 
THRUST AND LOAD 
THIS MODERN WAY 


B-L-H SR-4 Load Cells offer a depend- 
able, accurate way to measure weight, 
thrust and load. Rugged and compact, 
they operate accurately under widely di- 
verse conditions and are used to measure 
jet and rocket engine thrust, to determine 
center of gravity, to weigh loads at rest or 
in motion, and to control batch and con- 
tinuous processes. Output permits local 
or remote instrumentation . . . indicators, 
recorders, printers, etc. 


Available with capacities of from 50 to 
200,000 Ib. (compression) or 50 to 100,000 
Ib. (tension or compression), standard 
SR-4 Load Cells may be furnished with 
calibration accuracies of either +0.25% 
or +0.10% of rated capacity, depending 
on your requirements. Special capacities 
and/or characteristics can be furnished 
on order. 


SR-4 Load Cells use accurately-matched 
SR-4 Bonded Strain Gages to detect the 
minute dimension changes of a central 
load column under tension or compres- 
sion. They are hermetically sealed, are 
unaffected by dust, grease, moisture, cor- 
rosive atmospheres, etc. 


For more data on B-L-H SR-4 cells, 
write Dept. 6-C fora copy of Bulletin 
4301. Or let us send a B-L-H man to 
see you at your convenience. 





SR-4® LOAD CELL ADVANTAGES 


No moving parts 

High accuracy and repeatability 
Rugged, compact construction 
Long, economical service life 











FIRST in force measurement 


BALDWIN: LIMA: HAMILTON 


Blectronics & Instrumentation Division 
Waitham, Mass. 
SR-4® Strain Gages * Transducers * Testing Machines 
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Announcing Epsco’s 


ADVANCE IN 


DIGITAL 
VOLT-OH™M 
METERS 


® VERSATILE accurately measures both re- 
sistances and AC-DC voltages and counts external events, 
too! Directly drives printers, punches and memory storage 
units and can be directly used as a bi-directional tele- 
meter. 


® FAST less than 2 millisecond reading time ... up 
to 100 completely independent measurements per second 


FULLY TRANSISTORIZED [ony system use. 


No Stepping Switches * NoRelays ® EASY TO READ in-line, in-plane visual 
display... lamp life up to 10,000 hours... numerals 1% 
inch high... automatic indication of polarity, decimal point 
and mode of operation 


True dependability and versatility have at long last come 
to digital volt-ohm meters in EPSCO'S new DVOM. Fully 
transistorized ... adjustment-free ...no stepping switches or 
relays. Provides precise numerical measurement of AC-DC 


” voltages, resistances . . . fast, accurate visual or printed 

” ; ; Joe 
Lo quality control data . . . high-speed data acquisition for 
: ; direct print-out or storage . . . remote indication and data 


transmission over a single line. Compact, lightweight, port- 

at at able — also for rack-mounting. Write for Bulletin 95801, 
Epsco, Inc., Equipment Division, 588 Commonwealth Ave., 

First in data control Boston 15, Mass.; in the West: Epsco-West, 125 E. 


Orangethorpe Ave., Anaheim, California 


eer ere 


Ask for a demonstration. 
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BROWN 
MOTORS 


... for chart drives, servos, balancing circuits 


STACK-TYPE MOTORS 

These newly designed motors have 
such maintenance saving features as: 
sectional housing . . . wick-type lu- 
brication . . . printed circuits . . . ball 
bearings . . . shock absorbers .. . 
alignment keying rings. Any major 
part replaceable in two minutes. 


OIL-SEALED MOTORS 

These field-proven motors feature 
self-lubrication, have shock absorb- 
ers, are totally enclosed and oil 
sealed. 


MILITARY MOTORS 

These are oil-sealed-type motors, 
modified to comply with MIL-M- 
17059. Housing is treated as specified 
in MIL-C-5541, and leads are fungus 
resistant as per MIL-V-173. 


..- All motors are available in two phase and synchronous models 


SPECIFICATIONS (applicable to all motors described above) 


Twe Phase Induction Motor 


Synchronous 





Nomina! Gear 
No Load Ratio 
R.P.M.° 


Intermittent Maximum 
Rated Load Starting 
(o2.-in.) T 
(a-in.) 


Power 
Watts) 


Current Temp. RPM." 


(ome) Rise 
tleaded fF 


Pull-in 
Torque 


a 
orque 
(aa) 
(oz.-in.) 


Current Temp. 
amps.) Rise 
oaded oF 


(Watts) 
Loaded 





330 44:1 4 10 
144 10:1 5 20 
48 30:1 15 60 
23 60:1 30 110 


11.5 
11.5 
11.5 
11.5 


0.11 70 180 10:1 
180 10:1 

0.11 70 
01 0 90 20:1 
dt 6 ©. 30:1 
0.11 70 30 60:1 


12 12 24.0 

2 11.5 
14 11.5 
21 11.5 
42 11.5 


0.21 100 
0.11 65 
0.11 65 
0.11 65 
0.11 65 





*1/6 less at 50 cycles 
tField winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
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MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
Fits tw Coutiol 
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Atwood's accelerometer, in 1846, 
performed remarkably well for its day. 





ACCELEROMETERS 


Now, because of their outstanding accuracy, reliability, and service life, 
Statham accelerometers are specified in practically every major missile 
project in the free world. These versatile instruments are measuring 
with equal facility and utmost accuracy both the powerful linear 
accelerations associated with launchings, and the almost infinitesimal 


angular accelerations involved in spatial navigation. 


The precision of Statham instruments is typical of the “progress in 
measurement” that has come about within a single lifetime; however, 
the need for progress has not ended. Using the same inventiveness 
that produced the unbonded strain gage and made possible the 
present “state of the art,” Statham research and development continues 
to set the pace for advancement in accurate, dependable 


measurement for ground, airborne, and space environments. 


For specifications on Statham’s full line of accelerometers, write for 
Data File ‘CE-595-1. 


Unbonded Strain Gage and Inductive Liquid Rotor 
Angular Accelerometers 

Unbonded Strain Gage and Inductive Liquid Rotor 
Linear Accelerometers 

Temperature-Controlled Accelerometers 


INSTRUMENTS, INC, 12401 West Olympic Boulevard, Los Angeles 64, California 
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systems 


AiResearch Spoiler 


2 


70 


Servo Control System ‘ rl 


ike) am @elileleleli ae 


CL-28 and CL-44 


A substantial increase in aileron 
effectiveness is achieved by the 
AiResearch Spoiler Servo Control 
System which augments the function 
of the aileron by increasing the rate 
of roll of the aircraft. Full spoiler 
surface travel is achieved in 0.5 sec- 
onds by electromagnetic clutching 
of the 4 H. P. power servo. 

The added control surface of the 
Spoiler Control Servo System oper- 
ates on the inboard side of each 
aileron. This AiResearch electro- 
mechanicel system automatically 
synchronizes the spoiler control sur- 
face to move simultaneously with the 
aileron by utilizing a magnetic am- 
plifier and position transducers in 
the closed loop servo system. 


CONTROL 


ENGINEERING 


a 
2. 
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¥ 


This new Spoiler Control System 
is but one of the many types of elec- 
tro-mechanical systems developed 
and manufactured by AiResearch. 
Other recent examples include ra- 
dar antenna positioning equipment, 
magnetron and Klystron tuning de- 
vices, and safe-arm mechanisms for 
missile igniting. 

The company’s more than 20 years 
of experience in the development 
and manufacture of electro-mechan- 
ical equipment extends into aircraft, 
ground handling, ordnance and mis- 
sile systems of all types. AiResearch 
capability and system responsibility 
can meet your specific electro- 
mechanical requirements. Your in- 
quiries are invited. 


TO PILOT 


AILERON 
ac TRANSDUCER 


aR AN 


POSITIONER 
CONTROL 
+ 


A 
SPOILER TRANSDUCER 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 
Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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bi ! ss ie. me ‘ ¢ " Ser, ; a 
TELEMETERING TRANSMITTERS suc-camien encnuaten. 


FM/FM or PDM/FM Crystal Controlled Model 800C — 1.5” x 1.9” x 2.45” 


215 to 260 Megacycles 
Model 1472 Model 1462 is ; 


. Deviation stability +1% 
O - of band width. Deviation 
linearity less than 1% of 
band wi under all con- 
4” 21.5" x2.7” S'%2.” x NY” xa” 6” x 4Ve" x 3%” 6.5” x 4” x 3.25” RF Amplifier -— ~~ — 4 
a straig ne drawn be- 

2 Watts 15 to 30 Watts 50 to 80 Watts 2 watts in — 100 watts out coonn and mauiie 





+ 


ae —3 Sod tte) i 
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in the popular Size 8 line 


are now in production at Daystrom Transicoil. 
The new size 8 Synchro Line includes high quality, 
top performance transmitters, control transformers, 
differentials, and repeaters. Frame size equal to BuOrd 
Size 8. Operation: 115V 400 cycles or 26V 400 cycles. 
Accuracies to +5’ are available. Corrosion resistant construc- 
tion throughout. Conforms to MIL-E-5272-A. 


Write for complete specifications. Be sure to 
ask about our 24 Hour Service for rotating components. 
Daystrom Transicoil, Division of Daystrom, Inc., 
Worcester, Montgomery County, Pa. Phone JUNO 4-2421. 
In Canada: Daystrom, Ltd., 840 Caledonia Rd., 
Toronto 19, Ont. Foreign: Daystrom International 
Div., 100 Empire St., Newark 12, N. J. 


Dd TROM TRANSICOIL ovision of DaystTrRom, Inc. 
Representatives in Canada and Other Foreign Countries 


“SEE US AT THE 1.R.E. SHOW—BOOTH 1808” 
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New Look Of) the Aoriz0 alias lll TRANSISTORIZED 


DIGITAL COMPUTERS, CONVERTERS, SYSTEMS AND MODULES 


TRICE (Transistorized Realtime 
Incremental Computer, Expand- 
able) — THE WORLD’S MOST 
ADVANCED COMPUTER 


TRICE is a completely solid state 
high speed (100,000 iterations per 
second) incremental computer 
that operates at the speed of ana- 
log computers with the accuracy 
and flexibility of digital devices. 
Independent computing ele- 
ments, operating in parallel, per- 
mit the computer’s size to be 
adjusted to meet varying applica- 
tions. Completely digital, TRICE 
can be used in simulating non- 
linear and open loop systems 
without the limitations of analog 
methods. Because of its very high 
speed, it is particularly applicable 
to various operational systems 
including the computation of co- 
ordinate transformations, missile 
trajectories, Fourier spectra and 
satellite orbits. 
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MULTIVERTER — VoitageS Digital 
Converter and Related Products 


The MULTIVERTER was devel- 
oped by Packard Bell Computer 
to meet industry's need for fast, 
accurate and reliable conversion 
between voltage and digital infor- 
mation representation for use in 
data collection and transmission 
systems,.in digital control systems 
and in interconnecting computers 
such as TRICE with analog de- 
vices. The MULTIVERTER is 
the first completely solid state 
high speed (4 microseconds per 
bit) conversion system accurate 
to .01%. Accessories include a 
compatible solid state multiplexer 
and the first high speed solid state 
Sample and Hold device. 


PACKARD BELL COMPUTER CORP. 


A subsidiary of Packard Bell Electronics 


1905 S. Armacost Ave. 
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TRANSISTORIZED AND MAG- 
NETIC DIGITAL MODULES 
A variety of solid state modules are 
available for the construction of special 
systems. The following transistorized 
types are available: medium speed 
(nominally 200KC) AC coupled mod- 
ules, high speed (nominally 4 mc) AC 
coupled modules, medium speed DC 
coupled modules, special high temper- 
ature modules and magnetic modules at 
low (20KC) and medium (100KC) speed 
together with the first commercially 
available transistor driving circuits. 
CUSTOM DIGITAL CONTROL 
AND COMPUTING SYSTEMS 
Packard Bell Computer uses the com- 
ponents and techniques described to 
produce custom digital systems for 
Missile Impact Prediction, On Line Data 
Processing, Data Recording, Coordinate 
Conversion, Stable Platform Calcula- 
tions, Orbit Predictions, Guidance and 
Control and Solid State Automatic 
Checkout. 
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You always Know the score 


Everyone can Count on 


CONTROL 


When customers come after you with 
claims concerning your product's 
performance, can you prove your 
position? You can, to everyone’s 
satisfaction, if Veeder-Root Counters 
are built into your product as 
standard, integral parts. For then 
your customers have Facts-in-Figures 
on actual performance on the job, 
figures that settle arguments fairly 
and squarely . . . in fact, often 
prevent misunderstandings in the 
first place. What’s more, when you 
build-in V-R Counters, you build up 
your product’s sales appeal . . . as 
many manufacturers have found 

to their profit. So can you. 

Write and find out how. 


when you count on Veeder-Root! 


NEW Panel-Mounted, 

High Speed Electro-Magnetic 
Counter 

Series 1591 Counters are ideal for DC applications 
requiring accuracy and long life at very high speeds. 


4 or 6 figures. Instant pushbutton 
reset or remote electrical reset. 


Electrical Contactor 
Assures positive actuation of 

1591 Counters. Drive by lever 

or forked coupling. 


Veeder-Root... 


HARTFORD 2, CONNECTICUT 
Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York * Los Angeles * San Francisco * Montreal 
Offices and Agents in Principal Cities 
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solving today’s problems today: Burroughs 220 Computer 


In scientific computation and business data processing, the new Burroughs 220 is delivering tangible results today. 
Linking a powerful digital computer to equally powerful input-output subsystems, the 220 offers balanced perform- 
ance at the lowest application cost. Its expandable core memory, built-in floating decimal arithmetic, vast Datafile 
magnetic tape capacity and the multiple-card processing ability of Cardatron make this the most powerful system 
available in the medium price field. The 220 is just one part of a complete line of advanced Burroughs electronic 
data processing equipment. ..now in production ...now at work in hundreds of installations...supported by an out- 
standing team of computer specialists. Write today for 220 brochure, ElectroData Division, Pasadena, California. 


- Burroughs Corporation 


“NEW DIMENSIONS/in electronics and data processing systems” 
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CUSTOM 
BUILD 
your own 


Bailey 
Recorder 


These four views of the back of a Bailey Recorder show how four plug-in units may be added as 
needed to meet almost any recorder application. 


The freedom and flexibility of “do-it-yourself” in- 
strumentation is yours in the Bailey Recorder. A 
variety of plug-in units make it possible to record, 
control, and retransmit any variable that can be 
converted to a pneumatic or electric signal. 


The basic plug-in units are the Bailey a-c and d-c 
Electronic Receivers and Pneumatic Receivers. Any 
four of these may be used in one recorder, inter- 
mixed in any way, to provide four continuous 
records on one chart. 


For automatic control, other plug-in units are avail- 


able. 


For square root extraction or linear integration, 
there are two plug-in variations of the Bailey 
Integrator. 


When you want a pneumatic signal that varies 


according to a pre-set pattern plug in a Bailey 
Program Controller. 


Periodic running time of a condition or process is 
recorded on the chart when a Bailey Running Time 
Recorder is used. 


These and other plug-in units are described in 
Product Specification E12-5. Some companies stock 
Bailey Recorder cases and assorted plug-in units. As 
instrumentation and control needs arise they build 
up the kind of recorder-controller required, using 
the proper plug-in units from stock. Unmatched 
versatility such as this means lower instrumentation 
costs. 


For the complete story of how easily you can custom 
build this recorder to your needs, see your Bailey 
Engineer. G43-1 


instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD . 


CLEVELAND 10, OHIO 


in Canada — Baliey Meter Company Limited, Montreal 
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Now! From Annin 


.. the Finest in 
Electro-Pneumatic 
Actuators 


Annin’s Model 30,000 The Model 30,000 has been developed to provide process 


engineers with a practical transducing element for con- 


transducer coupled with the Annin verting a small electrical signal to an accurate and stable 
| 


pneumatic output pressure. It embodies only four basic 


Domotor gives you greater sub-assemblies, which minimize motion and wear, simplify 
’ 


adjustment and installation. The Model 30,000 features 

. . full-scale zero adjustment and a wide range of span set- 

range of adjustment, unequalled tings for split range and sequencing applications. Absence 
Th . of complex components, together with minimum installa- 

stability, and exceptional tion,contribute to low maintenance. Linearity and accuracy 


reach a new high in electro-pneumatic transducing with 


dynamic characteristics the Model 30,000. Technical data on request 


(Cilia VALVES 


Send for your copy THE ANNIN COMPANY Division of The Annin Corporation 
of Annin’s new Catalog 1500-D 1040 S. Vail Ave., Montebello, California 
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“CERAMO-COUPLE”™ 














SHEATH CONDUCTORS 


Process engineer at Sun Oil Refinery examining temperature measurements from “Ceramo”’ thermocouples. 


F Thermocouples Help Sun Oil 


Prevent Furnace Tube Failure 


Thermo Electric's Versatile ‘“Ceramo" Solves Another Problem 


The Sun Oil Company refinery at Marcus Hook, Pa., found 
the answer to a difficult problem—preventing tube failure 
in their process heaters—with T-E’s “Ceramo-Couples.”’ 
As coking and scaling build up within these tubes, heat 
transfer is reduced and tube temperatures rise. Unchecked, 
this condition can eventually result in costly, unscheduled 
shutdowns and potentially dangerous tube rupture. 


Sun Oil also had another problem—rapid thermocouple 
failure. To measure tube skin temperatures from 500— 
1200° F. and withstand furnace temperatures to 1800° F., 
they were using 8-gage, insulated, pencil-type T/C’s with- 
out protection tubes. Wires became brittle and soon broke. 
Hot junctions separated from the tube wall and read gas 
instead of tube temperatures. Process engineers had no 
confidence in readings. Costly, time-consuming installa- 
tion of new T/C’s was needed after every furnace shut-down. 


Sun Oil went looking for a better thermocouple. They 
found it in T-E’s “Ceramo’’—ceramic insulated conduc- 
tors encased in overall metal sheathing. Their 3/16’’O. D. 
“Ceramo-Couples” have 20-gage Chromel-Alumel con- 
ductors and stainless steel sheathing. Thermocouple life 
was greatly increased, replacement was cut in half. 


78 CONTROL ENGINEERING 


Reliable readings from ‘“‘Ceramo”’ permitted operation of 
process heaters at higher temperatures—thereby increas- 
ing production. “Ceramo’s” ability to be bent on a small 
radius without shorting or grounding simplified installa- 
tion. And “Ceramo” flexed with the differential motion 
between tubes and furnace walls. 


Sun Oil now has about 300 “Ceramo-Couples” in use at 
Marcus Hook in 5 to 32 ft. lengths. During the 5 years 
“Ceramo” has been in use, Sun Oil has had no furnace 
tube failure or unscheduled shut-downs from faulty 
temperature measurement. 


If you have problems of high temperature, moisture, 
abrasion, corrosion or difficult installation, investigate 
T-E’s “Ceramo.” Only “Ceramo” has the quality of 
materials and construction to meet all these needs. 


Write For EDS-45—B8. 





Thermo Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 
in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario 
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We point with massive and pardonable pride to our latest 
achievement —the new, reliable Mincom Model C-100 
Instrumentation Recorder /Reproducer. Six speeds record 
frequencies from 50 cps to 100 kc. Only 500 watts input 
for 14 track system (all-transistorized electronics). No 
cooling necessary. No mechanical brakes. Only 0.1% 
flutter and wow. Instant push-button speed control, no 
belt changes. Interested? Write for specifications. 


Minnesota finine ann (Yfanuracturine company ... 
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LOS ANGELES 25, CALIFORNIA 
TELETYPE: WEST LOS ANGELES 6742 
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NOTABLE ACHIEVEMENTS AT JPL... 


PIONEERING IN SPACE RESEARCH 


Another important advance in man’s 
knowledge of outer space was provided 
by Pioneer III. This, like many others of a 
continuing series of space probes, was 
designed and launched by Jet Propulsion 
Laboratory for the National Aeronautics 
and Space Administration. JPL is admin- 
istered by the California Institute of 
Technology for NASA. 

During its flight of 38 hours, Pioneer III 


was tracked by JPL tracking stations 
for 25 hours, the maximum time it was 
above the horizon for these stations. 
The primary scientific experiment was 
the measurement of the radiation en- 
vironment at distances far from the Earth 
and telemetering data of fundamental 
scientific value was recorded for 22 hours. 
Analysis of this data revealed, at 10,000 
miles from the Earth, the existence of a 


belt of high radiation intensity greater 
than that observed by the Explorer 
satellites. 

This discovery is of vital importance as 
it poses new problems affecting the dis- 
patch of future vehicles into space. The 
study and solution of such problems 
compose a large part of the research and 
development programs now in extensive 
operation at the Laboratory. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 
PASADENA, CALIFORNIA 


APPLIED MATHEMATICIANS . ENGINEERING PHYSICISTS . COMPUTER ANALYSTS 
AERONAUTICAL ENGINEERS . RESEARCH ANALYSTS . DESIGN ENGINEERS . 


- IBM-704 PROGRAMMERS 
STRUCTURES AND DEVELOPMENT ENGINEERS 


OPPORTUNITIES NOW OPEN 
IN THESE CLASSIFICATIONS 
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CONSOLIDATED CONTROLS CORP 
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ELAPSED TIME 
INDICATOR 
ED-71 


Compact, low-cost instrument 
for machine tools, | 
communications equipment and 
other commercial applications 
where an accurate record of 
operating time is desired. 

Time Registered: 9,999.9 hours. 
Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 
2.5 watts at 120 v, 60 cps. 





It takes a TEAM 


to solve timing problems 


The control of time is an extremely complex science 
aydon maintains 


that demands a thorough knowledge of many individ- 
ual technologies. For this reason, 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 
When you submit a timing problem to Haydon, it’s 
handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 
Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 


application. 

Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 
release to a customer. The results are uniformly high 
quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 


for you? 

A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 


DIVISION OF 
GENERAL TIME CORPORATION 





TIMING MOTORS 


A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 

0 ounce-inches 


ounce-inches to 
at I rpm. Voltage ranges 
-264 vac, 


103-132 and 2 
50 or 60 cps. 


INTERVAL TIMER 
Directly controls heavy duty 
electrical loads. Type AD can 
be supplied with up to 3 SPST 
switches. i ype AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
gpd specific ee can 
e supplied. Voltages: 120 or 
240 v, 50 and 60 cps. Switch 





Hayd pa 


AT TORRINGTON 





2327 EAST ELM STREET 
TORRINGTON, CONNECTICUT 


Rating: 28 amps, 250 vac 
non-inductive; 1 hp, 240 vac. 


Headquarters for Timing 
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First Digital Voltmeter With 
Mathematically Perfect Logic... 








The first stepping switch voltmeter with mathemati- 
cally perfect logic . . . and the first to be completely 
transistorized! It’s the NLS V-34, the latest instrument 
to be developed by the originators of the digital volt- 
meter. The exclusive new digital logic of the NLS V-34 
allows readings to be made without cycling stepping 
switches through all nine positions in each decade. For 
the first time, “needless nines” are eliminated . . . the 
result: longer switch life and shorter measuring time. 
Check the exclusive features listed below. 


a Oe | a) | 


FOR FASTER MEASUREMENTS AND GREATEST RELIABILITY 


onourfr whe © 


MATHEMATICALLY PERFECT LOGIC —No numbers change 
that absolutely do not have to change. Stable measure- 
ments can be made of varying voltages. 

STEPPING SWITCHES SEALED IN OIL — Each stepping switch 
is mounted in an individual oil-filled container. No 
manual lubrication needed. Oil bath extends life by 
factor of ten. 

PLUG-IN STEPPING SWITCH MODULES — Stepping switches 
can be replaced as quickly as plugging in the meter. 
FIRST COMPLETELY TRANSISTORIZED DIGITAL VOLTMETER — 
Even logic functions are performed by semi-conductors. 
Switch points reduced to one-half those required by 
“completely transistorized” competitive meters. Only 
the NLS V-34 is transistorized to the fullest possible 
extent. 


SPECIFICATIONS 


Range to +1000 volts . . . Ratio to +.9999 .. . 10 Megohm 
input impedance . . . 0.01% accuracy . . . Automatic range and 
polarity changing . . . five-digit el also available. 


See the NLS V-34 at the 1959 IR.E. Show .. . and write today for complete information. 


Originators of the Digital Voltmeter 


non-linear systems, 


2 
BTRCe DEL MAR (San Diego), CALIFORNIA 








1959 IRE SHOW — Booths 3041-2 
NLS—The Digital Voltmeter That Works...And Works...And Works! 
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integrating Tachometers, special types of rate generators, are almost invariably provided in- 
tegrally coupled to a motor. They feature tachometer generators of high output-to-null ratio 
and are temperature stabilized or compensated for highest accuracy integration, rate compu- 
tation, etc. In addition to reducing the in-phase null level toward zero, errors due to tempera- 
ture effects are minimized over a wide ambient range. Linearity, in some cases as low as 
.01%, is usually better than +.1%, while phase shift is 0+1°. For extreme accuracy, models 
with low temperature coefficient drag cups are also available. 


Rate Generators feature high output-to-null ratios and are designed for application as rate 
servos and to provide damping in very high gain systems. These Kearfott units offer high 
linearity, high output and low inertia and are often integrally coupled to a low inertia motor; 
in this design the in-phase null is virtually reduced to zero. Quadrature null is as low as .257% 
of the 1000 rpm outputs while harmonics seldom exceed .1% of the output at 1000 rpm. 


Damping Tachometers have relatively low output-to-null ratios and are designed primarily 
for damping purposes. They feature extremely low inertia and power consumption, linearity 
which is normally within +.5%, and phase shift within 10° of reference. Kearfott damping 
tachometers are usually integrally coupled to a low inertia motor. 


Size 11 (R860) INTEGRATOR TACHOMETERS 
(Typical Characteristics) TEMPERATURE 


Size 11 

: (R860) 
Excitation Voltage {400 cps} ‘ 1S 
Volts at O rom (RMS) . 020 
Volts at 1000 rpm (RMS) 2.75 
Phase shift at 3600 rpm 6. Ga, 
Linearity at 0-3600 rpm 07 Oe 
Operating Temperature Range —54° + 125° : brs tins 4 a Ser 

RATE TACHOMETERS |! DAMPING TACHOMETERS 


(Typical Characteristics) 





Size 18 Size 8 Size 10 Size 11 

(V806) (M824) (P822) (R809) 
Excitation Voltage (400 cps) 26 15S 15 
Volts at O rpm (RMS) d d 015 019 019 
Volts at 1000 rpm (RMS) ‘ * 234 .450 5 
Phase shift ot 3600 rpm 7 10° s° 5° 
Linearity at 0-3600 rpm .25 .25 3 3 3 
Operating Temperature Range —54° + 100° -—54° + 125° | -54° 4+ 125° ~S4°-+ 125° -—54° + 125° 














INTEGRAL SERVO MOTOR DATA 


(Typica! Characteristics) 





Size 8 Size 10 Size 15 Size 18 
No Load Speed (RPM) 5400 6600 5500 8000 8000 
Stall Torque (oz. in.) BS 35 55 45 1.30 
Excitation Voltage (400 cps) 18-40 26-40/20 115-40/20 115-40/20 115-115/57.5 
Rotor Moment of Inertia (Gm.CM2} 1.3 76 77 7.0 35 
Operating Temperature Range —54° 4+ 100° —54°-+4 125° —S4°-+4 125° 54° + 125° -S4° + 125° 
Unit Weight (incl. tachometer) —oz. 3.1 46 9.0 14.0 30 














Write KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


for A subsidiary of General Precision Equi t Corporati GENERAL 

/ Sales and Engineering Offices: 1378 Main Ave., Clifton, N. J. Kearfo 

technica Midwest Office: 23 W. Calendar Ave., La Grange, III. tt PRECISION 
data South Central Office: 6211 Denton Drive, Dalles, Texas COMPANY 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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The many advance design features of the 

menor s Trimpot have proved themselves repeatedly in 

RE SHOW major aircraft/missile systems and in com- 
oths mercial electronic equipment where reliability, 
accuracy plus miniature size are of prime 
importance. Pinpoint settings made on the 
Trimpot remain stable under the most severe 
environmental conditions. And—these units 
save important space — typical size is 1'/4’x 
/16”x 6”. Bourns offers the world’s largest 
selection of leadscrew actuated potentiome- 
ters...over 500,000 units in distributors’ 
warehouses across the nation to fill your 
orders. Before specifying, investigate Bourns 
Trimpot, the original leadscrew actuated po- 
tentiometer. Write for our new Model Summary 
Brochure #4 and list of stocking distributors. 


ONLY BOURNS TRIMPOT® GIVES YOU ALL THESE OUTSTANDING FEATURES 


PSD L250, 


























Exclusive manufacturers of TRIMPOT®, TRIMIT®. Pioneers in potentiometer transducers for position, pressure and acceleration 
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DELCO POWER TRANSISTORS 


MILITARY 
COMMERCIAL 


TYPICAL CHARACTERISTICS AT 25°C 





EIA 





80 Delco Radio announces new PNP 
volts germanium transistors in 2N553 
series —the 2N297A and 2N665, 
designed to meet military specifica- 
tions. These transistors are ideal as 
voltage and current regulators be- 
cause of their extremely low leakage 
current characteristics. All are 
highly efficient in switching circuits 
and in servo amplifier applications, 
and all are in volume production! 
Write today for complete engineer- 
ing data. 


Collector Diode Voltage (Max.) 60 60 





80 
HFE (1, =0.5A) (Range) 40-80 | 40-80 





HFE (I, = 2A) (Min.) 





leq (2 volts, 25°C) (Max.) 





leg (30 volts, 71°C) (Max.) 





Fae (Min.) 





T (Max.) 





Therm Res. (Max.) 























*Mil. T 19500/36 (Sig. C.) 
**Mil. T 19500/58 (Sig. C.) 


NOTE: Military Types pass comprehensive electrical 
tests with a combined acceptance level of 1%. 


DELCO RADIO 


See you at IRE Show, Booth 1512. Division of General Motors + Kokomo, Indiana 


BRANCH OFFICES 
Newark, New Jersey Santa Monica, California 
1180 Raymond Boulevard 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 
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Small...sensitive... high-speed 


POLAR RELAY 


for billions of 
maintenance-free 
operations 


ERE’S A 2-position Polar Relay that can be 
depended upon for switching a single circuit at 
high speeds through billions of operations—without 
readjustment. 
Substantially smaller than other polar relays, the 
Automatic Electric Series PTW is designed for tele- 
graph and teleprinter circuits—teletypewriter switch- 
ing—teletypewriter repeater circuits—plus other 
industrial and military applications. Type 203 is 
completely interchangeable with Western Electric 
255A relays. 


Check these unique advantages 


Because of its simple design and compact construc- 
tion, the PTW costs substantially less than other 
relays you may have been using. It delivers lightning 
response (travel time as little as 0.7 of a millisecond!). 
And its design assures adjustments that stay put 
practically forever. 


Series PTW Polar Relays are available with various 
type terminals to fit both new and existing applica- 
tions—including surface mounting of Type 202 in 
replacement of Western Union Type 17 relay. 


For full information, call or write Automatic Electric 
Sales Corporation, Northlake, Illinois. In Canada: 
Automatic Electric Sales (Canada) Ltd., Toronto. 
Offices in principal cities. 


New Type 204 Series PTW Polar Relay has 
octal plug mounting for universal use. 
Height,.2"%e” plus *%” projection of 
mounting plug; width, 2%2"x 1c". 
Type 202 has standard banana- 
type terminals; Type 203 
has pin-type terminals. 


Automatic Electric Polar Relay is used in selector cabinet of Tele- 
register Corp. stock-quotation system. Teleregister design engineer, 
Jim Hartelius, shows how snap-on cover can be removed for visual 
inspection. He reports “ . . . complete reliability . . . almost infinite 
life . . . virtually never gets out of adjustment.” 


AUTOMATIC ELECTRIC 


Northlake, lilinois °* 


Subsidiary of GENERAL TELEPHONE 
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with EAI portable X-Y plotter— 


x 


you can convert data to graphic form 
quickly...accurately...reliably 


With Electronic Associates’ new Variplotter Model 1100E, 
data can be converted immediately to graphic form for 
quick, easy interpretation and understanding. Graphic 
display adds life to performance data—makes X and Y 
relationships instantly, unmistakably clear . . . provides 
permanent picture-like records of performance. 

With the addition of accessories, versatile Variplotter 
will operate as a function generator, or will plot digital 
information from a keyboard. Its small size (23’’ L by 
17%” W by 94%” H) and light weight (43 Ibs.) make it a 
convenient laboratory tool. 

The Variplotter combines high dynamic and static 
accuracy with a wide range of input sensitivities. Its 


ELECTRONIC 
ASSOCIATES 


LONG BRANCH, 


CONTROL ENGINEERING 


a SE ly Ue an ue a — —<— . pp moana. a e 


ELECTRONIC ASSOCIATES INC. 


mmrorce a ss ee ijBDeapena ss BIR iste re 


rugged construction assures dependable, low-mainte- 
nance performance. 


For name of our nearest representative write Dept. C. 


VARIPLOTTER MODEL 1100E FEATURES: 


Portable table top size 

Vacuum hold down 

Wide range of input sensitivities 
High dynamic and static accuracy 
Rugged construction 

Ease of maintenance 

Differential inputs 


For complete 
specifications write 
for Booklet AP-810C 


NEW JERSEY 
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INDUSTRY’S PULSE 








The Southwest: 
Three Superlatives in Control 


Associate Editor Harry Karp, on a two-week tour of 
petroleum and chemical plants in the Gulf States, 
saw and heard some ambitious plans for process control. 


In the Gulf Coast states, control engineers are talking most 
about three superlatives: 1) the most successful hardware—the 
vapor chromatograph; 2) the most promising new concept—com- 
puting-control; and 3) the most needed development—closer user- 
maker cooperation. 

Look what has happened to vapor chromatography. It is now Chromatographs 
the workhorse instrument for process control. As a measuring Pay off 
instrument yielding composition information, the chromatograph 
has proved its ability to upgrade process throughput and quality. 

Its investment—about $15,000 for analyzer, miaiea system, and 


installation—has been returned in startlingly short times. For 
example, Humble Oil’s Dick Halter told the Texas A&M instru- 
mentation symposium that 90 days of improved production paid 
for a chromatograph installation. At a chemical plant, CtE 
learned, a chromatograph installation paid for itself in just three 


weeks! 

With operators placing full confidence on this instrument, the 

door has been opened to a fuller investigation of automatic con- 
trol. At one oil company, a control engineer said the chromato- 
graph makes feasible the full automatic control of a gasoline plant. 
Another petroleum refiner is directing its development efforts 
toward predicting the best controller settings for those applica- 
tions in which the chromatograph output acts as the setpoint for 
conventional controllers correcting flow, pressure, or temperature. 
Such progress makes the economic justification of computing- 
control less difficult, because the chromatograph can deliver— 
direct to the computer—reliable data of significance to successful 
plant operation. 

Hardware is already developing along these lines. Beckman New hardware 
Instruments, for example, is now showing its new chromatograph 
and control equipment. It measures the peak values of compo- 
nents’ composition, stores these values as a pneumatic signal be- 
tween 3 and 15 psi, takes peak-value ratio, and then uses the 
ratio to drive a control valve. Other manufacturers are building 
similar equipment. Some user companies have put together “jury- 
built” rigs to do the same thing. 

Just how fast computing-control is coming can be seen by the Comat 
reports of a number of bids to meet formalized specifications for °°™"S _ 
installations at petroleum and chemical plants in the Gulf Coast 
area. Texaco, Monsanto, and Goodrich (a system for a Kentucky 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





TYPICAL SIGNAL FROM ONE OR ALL OF THESE 
ee : x 5 Pre Laan 








— & a 
“CONTROLS ANY ONE OF THESE 


STATIC CONTROL 
COMPLICATED? 


DON’T YOU BELIEVE IT! 


An engineering friend of ours work- 
ing on blast furnace controls uses a 
CONTROL switching reactor to take 
signals from a series of limit switches, 
temperature controllers, and relays to 
operate the solenoid which triggers the 
air blast motor. Dollars ahead he was 
when he saw this selective device would 
take signals from many sources, com- 
pile them, remember them, and when 
told to act (by the same standard input 
signals), leap into action. “So simple,” 
he said—“nothing but the standard in- 
puts we always use, switching reactor 
and outputs. If that’s static control, 
I’m the new president of the C.S.R* 
Booster Club.” You, too, can beat the 
drum. Write for our catalog about 
Simple Static Control. 


*CONTROL Switching Reactor 


PUSH, PULL, CLICK, CLICK (or how to feed a switching reactor) 


Persons who hear push-pull-click-click sounds in indus- 
trial plants are not to be suspected of an affinity for the 
razor business. They are listening to the music of push 
buttons, limit switches and relays, all feeding signals 
into CONTROL’S switching reactors (which are en- 
gaged in static control). Our reactor is seleotive. As 
you dictate, it responds to control voltages which add, 


which oppose, or which work in combination, regardless 
of source. What’s more, our reactor can be fed by a 
transducer whose output is electrical—even if it doesn’t 
say “push, pull” or “click, click.” 

If you have an affinity for money-making musical 
sounds, perhaps you'd like to know more about these 
CONTROL switching reactors. Write us. 


CLICK, CLICK, PULL, PUSH (or how aswitching reactor feeds you) 


Here is the click-click-pull-push (output) side of the 
CONTROL switching reactor. Not only is it selective as 
to source and combinations of inputs, but it is a real bear 
for working such loads as solenoids, motor contactors 
and magnetic clutches. It shines, too, as a practical way 
of operating the new solid state thyratron from a var- 
iety of input sources. A reactor can control a single load 
up to 300-VA to a fare-thee-well. Loads are statically 


switched with nary a moving part. What’s more, there 
is no auxiliary hardware (transformers, relays or single 
purpose logic units) to clutter the minds and hearts of 
your control engineers and purchasing agents. 

Sizes? A complete range, including 15, 75, 150, and 
300 VA. There’s also one especially for the solid state 
thyratron. Why not write for more details about our 
CONTROL switching reactors. 


Reliability begins with OOnTOT. 


a Y hed 
kt tor BES 


qmarsse y 
A DIVISION OF MAGNETICS. INC. 


DEPT. CE-62, BUTLER, PENNSYLVANIA 
VISIT OUR BOOTH 2339 AT THE IRE SHOW 
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plant) are still the only companies to officially announce plans. 
Others have been reluctant to go on record about their programs. 
But the probing questions asked by their engineers—about process 
dynamics, economic justification, and availability and reliability of 
equipment, what other companies are doing, tie-in with loggers 
and conventional controllers—indicates that computing-control 
is more than an academic subject. Several announcements of 
plans for new on-line computing-control in Gulf Coast plants 
are coming before 1959 is over. 

Another area that has interest at a white heat is the role of 
logger computers—and the success they have yet to show. The 
ideas, techniques, and problems related to logging-computing 
will have their impact on computing-control, the next level of 
advanced operation. 

One problem that has developed is how to establish a reason- 
able relationship between system user and system maker. There 
is a growing a of the dangers of one party pursuing indi- 
vidual gains without considering what’s happening to the other. 
The lack of operating experience on such complex and costly sys- 
tems—often involving previously untried techniques and hard- 
ware—keeps anybody from anticipating all the problems that can 
arise. The same deficiency keeps the user from writing tight and 
all-inclusive specifications, too. 

One answer: both user and maker must be prepared for these 
unforeseen problems, and both must be prepared to spend time 
and money over what was incorporated in the contract. 

Two new installations offer good examples of what’s needed. 
At the Esso (Baton Rouge) installation of Leeds & Northrup’s 
operating guide computer and at the Louisiana Power & Light 
Co’s Sterlington generating station installation of a Daystrom in- 
formation system, unexpected snags appeared prior to field-trial 
acceptance tests. Both user and maker cooperated to correct the 
deficiencies. 

The results are paying off for both. A prolonged successful run 
will prove the worth of the maker’s equipment. Then evaluation 
of process data, gathered on the logger-computer, is likely to per- 
mit the user to upgrade the process operation, and perhaps even- 
tually to close the loop with computing-control. 











User-maker 
help 


Pays off 
for both 





UNCONFUSED 


in both Electronic and Pneumatic 


| 


Look to Taylor for Vision... 
Ingenuity... Dependability 


See your Taylor Field Engineer, or write 
for appropriate Bulletin. Taylor Instrument 
Companies, Rochester, N. Y., or Toronto, Ont. 


701] AC or DC Electronic Recorder 





—Compare these features . . . common to the 701J Electronic 


1. ATaylor ‘first’. On both 

Electronic (left) and 

Pneumatic (right) instru- 

ments, controller re- 

sponse adjustments are 

quickly and easily made 

from the front, where 

results can be watched. 

You can visualize imme- 2. All major components plug in. Even individual! amplifier cir- 
diately all pertinent proc- cuits plug in. You can service all components and still stay on 
ess information — chart, control. AC and DC Recorders are completely transistorized; 
pen and set-point. unaffected by a supply voltage change up to +10%. 


lor Lnstruments 
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READABILITY 


instrumentation by Taylor 


© Simplest scanning of all . . . because 
chart record, pen and set-point are 
side-by-side. 

© Invites frequent reading . . . because 
target-type pens and pointers are 


easiest of all to see, even at a 
distance. 


en 
on Go 
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EE 
= 
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= 
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4 


14 


© Operators make fewer mistakes . . . 
because all pertinent data is 
lined up. 


© You read the 4” chart from left to 
right—like a newspaper—on recti- 
linear coordinates. 


be 


@ All these features in a 6”’x 6” cutout. 


i 


*Reg. U.S. Pat. Off. 


90] TRANSCOPE* Pneumatic Recorder 


AC or DC Recorder and the 90J TRANSCOPE Pneumatic Recorder 





3. Plug-in Set Point Transmitters, parallel to and exactly match- 4, Powerful Serve Motors give more precise pen positioning 
ing chart range, permit comparison without confusion and than ever before. More accurate records. Unmatched threshold 
accurate adjustment of the control point. They can be removed _ sensitivity. Unparalleled power permits use of process alarms, 
for checking with only momentary interruption of record. new inking system and elimination of flimsy linkage. 








MEAN ACCURACY FIRST 
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PHILCO 


announces a new family 
f LOW COST Medium Power 
Alloy Junction Transistors 


Introducing a completely new family of PNP ye pen ignition systems, mobile radios and 
germanium transistors, especially designed to meet § desk calculators (2N1124); servo amplifiers, volt- 
rigid military and industrial specifications . . . at On. regulators and pulse amplifiers (2N1125, 
lowest possible prices. 2N1126, 2N 1127); medium power audio and 
switching applications (2N1128, 2N1129, 2N1130). 

These transistors are available in production 


Also available in quantities 1-99 from your local 
quantities, for use in teletypewriters, control Philco Industrial Semiconductor Distributor. 


Make Philco your prime source of information for all transistor applications. Write to 
Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. CE 359. 


Applications 


- For high vol neral purpose use 
nd 2N1124 . ; in cugliters Switching. Small signal 
Ries i beta controlled. 





2 2 hy. par high wee, | Righes ae 
‘ a - industrial ampli a switching 
N1125 systems. Large signal beta controlled. 





\ 1 watt version of 2N1124 for servo 
2Nt126 ; . amplifiers and relay actuators. Small 
signal beta controlled. 





amplifiers and control systems. DC 
beta controlled. 


: 1 watt version of 2N1125 for servo 
2N1127 . . } 


A hfe For low distortion, high level driver 
| 2N1128 e . . ; \e and output application. Small signal 


4 beta controlled. 








: hy For high gain general purpose ampli- 
2N1129 2 2 x; ‘ 78 "3 fier and switching. Typical DC beta 
165. 








2N1130 i pod vettage, a level one 
6 Bt , - and switching applications. pi- 
cal DC beta 125. 





























Available in Production Quantities—Also Available from Local Distributors 
“SEE US AT THE IRE SHOW BOOTH 1302-08” 


PHILCO CORPORATION 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 
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Meetings Need Editorial Themes 


How many national technical meetings will you go to this year? Three? 
Six? At this very moment, you probably can put your finger on at least a dozen 
meetings and exhibits that promise information and displays of the utmost 
importance to the control field; but if you attended all of them, the cost to your 
company could easily be $5,000. Very few companies are willing to make this 
kind of investment. But then, how many are willing to invest in just one or 
— meetings, without a demonstration of value? The number is not much 

igher. 

How can you guarantee the value? You can use the same selection technique 
that assures you maximum value from your technical-magazine subscription money. 
Out of the deluge of magazines that crosses his desk, a control engineer selects 
those whose editorial substance (technical sessions) and advertising (exhibits) 
consistently help him over his workaday hurdles and bring the future into clearer 
perspective. A meeting, like a magazine, should have a clearly recognizable 
editorial theme, and should present new and useful information in a straight- 
forward manner. But many meetings, again like some magazines, thrive on 
disconnected rehashes of old material and on glorified new product announcements, 
and devote a minimum of attention to meeting the constantly changing needs 
of the engineer. So his decision is simple: the control engineer will read those 
magazines and attend those meetings that give maximum value for limited time 
and money. 

Controt ENGINEERING came face to face with this problem when Dr. John E. 
Gibson invited us to cosponsor, with the Electrical Engineering Dept. of Purdue 
University, a conference on industrial control system components. We wondered: 
should we add another meeting to the ever-growing list? A close look at the 
needs of industrial contro] system engineers and at other scheduled meetings 
brought forth a firm yes. Until now, the theme of putting control system com- 
ponents to work in heavy industry, a proven rich one for technical journals, has 
not been tried by any single technical meeting. Value received will be high, for 
the control engineer will obtain information about solving specific component 
application problems he is encountering today, and suggestions on ways to solve 
problems he will meet in the future. Especially intriguing from an editor's view- 
point will be the direct interchange of information between competent authorities 
and conferees. If a point isn’t covered in an article, the perplexed reader must 
write a letter or get on the phone; but at a meeting he has an opportunity to get 
his question answered immediately—and in person. 

So Controt ENGINEERING and Purdue have added another candidate to your 
list of meetings. Review the titles of papers on page 31 and see how it rates on 
your selection barometer. We hope it’s near the top. 


Aiea 
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in ElectroniX potentiometers 


The new Honeywell Continuous Voltage Stabi- 
lizer makes batteries, standard cells, and stand- 
ardizing mechanisms unnecessary in new Brown 
ElectroniK circular or strip chart potentiom- 
eters. This new unit accurately regulates the 
D-C reference voltage supply to the measuring 
circuit. Standardization is no longer necessary. 


The small, compact stabilizer unit uses Zener 
diodes and an ambient temperature compen- 
sator to deliver a constant rectified voltage 
from line supply. This assures uninterrupted 


response to changes in the measured variable. 


The Continuous Voltage Stabilizer means 
more dependability, less maintenance, contin- 
uous attention to the measured variable, and 
still another reason why ElectroniK instru- 
ments are your best value in measurement and 
control. Get full details from your nearby 
Honeywell field engineer . 
your phone. 


. . he’s as near as 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 


Honeywell 
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New -hp- 60GA HF Signal Generator 


Here at last is a compact, convenient, moderately- 
priced signal generator providing constant output 
and constant modulation level plus high output 
from 50 ke to 65 MC. Tedious, error-producing 
resetting of output level and percent modulation 
are eliminated. 


Covering the high frequency spectrum, (which in- 
cludes the 30 and 60 MC radar IF bands) the new 


® 606A is exceptionally useful in driving bridges, 
antennas and filters, and measuring gain, selectivity 
and image rejection of receivers and IF circuits. 


Output is constant within +1 db over the full fre- 
quency range, and is adjustable from +20 dbm (3 
volts rms) to —110 dbm (0.1 uv rms). No level 
adjustments are required during operation. 


SPECIFICATIONS 


Frequency Range: 50 kc to 65 MC in 6 bands. 

Frequency Accuracy: Within 1%. 

Frequency Calibrator: Crystal oscillator provides check points at 
100 ke and 1 MC intervals accurate within 0.01% from 0° to 
50” C. 

RF Output Level: Continuously adjustable from 0.1 fv to 3 volts 
into a 50 ohm resistive load. Calibration is in volts and dbm (0 
dbm is 1 milliwatt). 

Output Accuracy: Within £1 db into 50 ohm resistive load. 
Frequency Response: Within +1 db into 50 ohm resistive load 
over entire frequency range at any output level setting. 


Output Impedance: 50 ohms, SWR less than 1.1:1 at 0.3 v and 
below. 


Spurious Harmonic Output: Less than 3%. 
Leakage: Negligible; permits sensitivity measurements to 0.1 sv. 
Amplitude Modulation: Continuously adjustable from 0 to 100%. 
Internal Modulation: 0 to 100% sinusoidal modulation at 400 cps 
+5% or 1000 cps +5%. 
Medulation Bandwidth: Dc to 20 ke maximum. 
External Modulation: 0 to 100% sinusoidal modulation dc to 20 kc. 
Envelope Distortion: Less than 3% envelope distortion from 0 to 
70% modulation at output levels of 1 volt or less. 
Spurious FM: 0.0025% or 100 cps, whichever is greater, at an 
output of | v or less and 30% amplitude modulation. 
Spurious AM: Hum and noise sidebands are 70 db below carrier. 
Price: (cabinet) $1,200.00. (rack mount) $1,185.00. 

Data subject to change without notice. Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 65023H PAGE MILL ROAD - PALO ALTO, CALIFORNIA, U.S.A. 


CABLE “HEWPACK*" © DAVENPORT 5-445] « Field representatives in all principal areas 


hp) world’s most complete line of signal generators 
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Stabilizing the Queen Mary 


Controls for ship stabilizing systems are now in their third stage of develop- 
ment. (The first two: simple on-off control and proportional control.) New 
compensated control systems use roll acceleration, stabilizer fin position, 
and mean natural list signals to reduce roll from an unstabilized 18 deg 
peak to peak to less than 2 deg. 


J. BELL 
Muirhead & Co., Ltd., England 


Control circuits for ship stabilization originated 
in 1938, when on-off control systems were applied 
to the Denny-Brown stabilizer system, in which the 
forward speed of the vessel gave lift to hydrofoils 
mounted on the side of the ship, causing a couple 
force in opposition to rolling motion. The on-off 
system operated solenoids from contacts on a veloc- 
ity-sensitive gyro. This applied full fin angle and 
hence full stabilizing couple. While a large degree 
of stabilization was achieved—rolling was reduced 
by 70 to 90 percent—the on-off control was noisy, 
had excessive fin movements, and introduced an 
unwanted rolling motion at the fin operating fre- 
quency. Servo design was then largely empirical, 
and components were limited to contractors, sole- 
noids, and 400-cps high-speed gyros; reliability natu- 
rally was low. 

In stage two, development of proportional con- 
trol, use was made of the fact that the residual 
motion of the ship, even when stabilized, was simple 
harmonic. The system designers realized that two 
different kinds of disturbances occur, the list of the 
ship from long period waves in a following sea, and 
rolling due to a beam sea. Proportional control 


was applied by using low-speed gyros and servos 
that had been designed for gunnery control. A 
reverse roll angle signal from the gyro gave the 
system anticipatory information. Figure 1 shows, 
for the two categories of roll, how phase advance 
in position was obtained by these signals. On the 
equipment, controls for “Following Sea” and “Beam 
Sea” permitted adjustment of the phase advance 
and smooth fin action over the fin operating range. 
Figure 2 shows the practical results as measured on 
the Royal Yacht HMY Britannia. 

In the latest compensated controls, as now used 
on the Queen Mary, the control signal to operate 
the fins is made up of the acceleration function, the 
fin angle itself, and a natural list function that modi- 
fies the roll angle. 

Ideally, only acceleration control is needed since 
the first result of a wave motion on the ship is an 
acceleration in the direction of the roll. If this 
were measured instantaneously and the fin angle 
correction applied in the opposite sense, stabiliza- 
tion would be achieved. But in practice a certain 
amount of ship motion is a prerequisite to sensing 
the acceleration. To make sure that this motion 
is of small amplitude, high sensitivity accelerometers 
are needed—the angular acceleration for maximum 
fin movement of a large vessel is only 0.30 deg/sec? 
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FIG. 2. Simple proportional control system installed on the 
Royal Yacht Britannia checked rolling from peak-to-peak 
amplitudes of 31 deg down to a maximum of 4 deg. 
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Following Sea Control 


and control must begin at 5 percent of this value. 

To avoid electronics, the present compensation 
control system uses a differential lever system in- 
corporating a spring and damping unit. The lever 
system is coupled to the velocity gyro to give a 5:1 
magnification to the movement of the acceleration 
synchro compared with that applied to the velocity 
synchro. Thus initially, for a very small ship move- 
ment the fins are operated by the acceleration func- 
tion and further movement of the vessel, if of a 
periodic nature, gives true differentiation; the accel- 
eration signal is 90 deg ahead of roll velocity. 

Figure 3 illustrates the mechanical arrangement 
that produces the acceleration signal. A velocity- 
sensitive gyro, spring-controlled in the normal way, 
is mechanically coupled to a synchro generating a 
signal 6. One end of the main differential link 
attached to the velocity gyro is secured to a coupling 
operating a gear sector. This rotates a damping 
disc running under the poles of a permanent mag- 
net. A pivoted spring-loaded lever supports the 
other end of lever D, a pivoted lever attached by 


further linkage to the acceleration synchro 6. If 
an acceleration is suddenly imposed upon the ship, 
the gyro deflects instantaneously and the lower end 
of the lever D can be regarded as fixed. The upper 
end yields, being restrained only by a spring, and 
the acceleration synchro receives the full displace- 
ment signal. For conditions of zero acceleration 
(constant velocity) the velocity gyro takes up its 
deflected position and in a comparatively short time 
the damping disc spins, releasing the tension of the 
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signals in early proportional stabilizing systems gave 
simple anticipatory and delayed fin movement to 
counter both beam and following sea conditions. 


acceleration springs so that the acceleration synchro 
transmits zero signal again. 

Control from acceleration alone would result in 
the fins returning to their control position when 
the acceleration is neutralized by fin torque; a feed- 
back signal proportional to fin movement therefore 
maintains the fins in the present deflected position, 
and they oppose the sea force until the sea force 
changes. This feedback factor is variable. Com- 
plete balance is attained when it is unity; but if 
it is less than unity, the fins will have a tendency 
to creep back to their zero position. In practice a 
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FIG. 3. In compensated control, a mechanical 


differentiating system operating from 
a rate gyro provides the acceleration signal. 





feedback factor of 0.7 set up during ship trials gives 
the best practical results. The signal operative is 
written as 

S=W-—F+KF (1) 
where W is the sea couple, and F the fin couple 
acting on the ship. 

The other addition to the control system men- 
tioned above is the natural list function. This op- 
erates from the vertical gyroscope and consists of 
a servo follow-up unit with a long time constant. 
The unit follows the roll angle generated, but with 
the time constant at least 10 times longer than the 
rolling period. The output of the servo therefore 
settles down to the mean center of rolling and the 
vessel stabilizes about this mean center. This re- 
duces drag—stabilizing power is not used to counter 
lists due to wind, cargo movement, or fuel con- 
sumed—and so is economically attractive. If de- 
sired, the natural list control can be switched out. 


Control of the stabilizer is vested, therefore, in - 


five functions: roll, roll velocity, roll acceleration, 
fin feedback, and natural list. The whole control 
signal may be written in simplified form 


S+K.0 + K.0 + Kio + KF (2) 
where K, to K, are multipliers, constants, time con- 


stants, delays, and limits appropriate to each func- 


tion; 6 is W — F of Equation 1, and @ is the roll 
angle corrected for natural list. 


Figure 4 shows the signals and the closed loops 
involved. The sensing unit provides the roll, the 
roll velocity, and roll acceleration signals, the roll 
signal being modified by a small roll angle inserted 
by the natural list generator. These three signals 
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FIG. 4. A—Two closed loops make up the compensated 
control system. B—The acceleration linkage is mounted above 
the velocity gyro (left); the roll angle gyro is on the right. 





FIG. 5. Two gyroscopes generate, 
and six synchros sum, the roll, roll 





velocity, acceleration, natural 
list, and fin feedback signals. 
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FIG. 6. In the Queen Mary installation, a synchro transmitter 
on each fin controls output to the hydraulic relay, reducing the 
hydraulic pump delivery to zero when fin ‘movement is complete. 
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FIG. 7. Roll on the Queen Mary’s first stabilized 
crossing was reduced in rough seas to less than 
2 deg by fin movements of less than } maximum. 


and the fin feedback are combined, and together 
operate a series of hydraulic amplifiers. The final 
amplifier has a power output of up to 100 hp to 
actuate the fin operating rams. A synchro on the 
fin gives the fin feedback signal while the fin re- 
action on the sea alters the rolling angle of the 
vessel. This in turn feeds back into the sensing 
unit to close the loop. 

Figure 5 shows how the signals in Figure 4 are 
obtained from receiver synchros, differential syn- 
chros, and two-phase resolver synchros in addition 
to the normal transmitters. The synchro M3, op- 
erated mechanically by the roll angle gyro, is ener- 
gized on terminals X Y from a 50-cps supply and 
produces a three-phase positional control signal for 
differential synchro M4. The output of M¢ is con- 
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trolled mechanically by acceleration, giving direct 
addition of the angle and angular acceleration, 
646. 

In the natural list unit a two-phase motor is en- 
ergized on one phase from the main supply. When 
the synchro M3 departs from zero the motor rotates 
in one direction or the other. Synchro M1 is coupled 
to the motor through a large reduction gearbox, 
and acts as an induction regulator. When it is 
driven away from zero, current flows in the cross 
winding of resolver synchro M3. This alters the 
position of the magnetic field tending to bring M3 
to its zero position, and the natural list unit runs 
until zero signal is obtained on the motor, determin- 
ing the mean listed position of the vessel. 

The synchro M6 is coupled to the velocity gyro, 
and it and the synchro M4 operate synchro re- 
ceiver M5, which controls the hydraulic relay unit 
from which the fins are actuated. The synchro M7 
is coupled mechanically to the fin and operates 
through a potentiometer on the rotor of M6 similar 
to the way the synchro M1 acts on M3. The 
potentiometer regulates the fin feedback signal, and 
a potentiometer in the output circuit of synchro M1 
alters the natural list effect. 

Figure 6 shows diagrammatically the practical lay- 
out of the system recently installed on the 81,000- 
ton Queen Mary. Besides the controls already de- 
scribed, another synchro control is also used in the 
high-powered servo operating the fin. The synchro 
output of the first hydraulic relay unit (HRU) 
operates a pair of transmitters, each of which con- 
trols a further HRU, one for the port fin and the 
other for the starboard fin. Each HRU in tum 
controls the output of a variable delivery pump 
which directly operates the fin rams. A transmitter 
coupled to the fin resets the HRU and consequently 
sets the pump delivery to zero when the fin has 
executed the movement required. The fin feedback 
transmitter feeding the gyro unit is also mechanically 
attached to the starboard fin as shown. 

Because initial trials of the Queen Mary instal- 
lation were in calm weather, forced rolling had to 
be used with the control reversed. One pair of 
fins generated the forced rolling, the other pair 
stabilized the vessel. Using the fins to roll the 
vessel would have created an unstabilized rolling 
amplitude of at least 18 deg peak to peak. With 
the stabilizer in operation, however, the rolling was 
reduced to 2 deg. No comparison could be made 
at the trials between free rolling and stabilizing 
under normal running conditions, but Figure 7 
shows a record of both ship and fin movement dur- 
ing the vessel’s first Atlantic crossing with the 
stabilizers. The full fin power was not employed 
at any time, although weather conditions were quite 
rough and it is estimated that an uncontrolled vessel 
would have rolled up to 20 deg peak to peak. From 
the record it can be seen that roll was kept well 
within 2 deg—indiscernible to the passengers. 





A fresh look at 
Selecting Control Valve 


Characteristics 


Choosing the right valve characteristic is a 
matter of utmost importance in many proc- 
esses, especially those needing close, stable 
control and having small holdup times. The 
author has organized a set of rules that 
readily enables the control engineer to select 
the best valve characteristic with respect to 
the static and dynamic effects of the disturb- 
ing variables. His article traces the develop- 
ment of the selection rules—grouped in a 
handy table for future reference and use— 
and concludes by showing how to determine 
the best valve characteristic for four types 
of recurring proces control problems. 


A satisfactory control system must fulfill certain 
objectives of stability, speed of response, and ac- 
curacy. Unhappily, these objectives are conflicting, 
since stability requires a loop gain less than unity 
at a frequency with 180-deg loop phase shift, while 
speed of response and accuracy require a high loop 
gain at all frequencies. Still, certain steps can be 
taken to improve control. One step is to adjust 
some of the static and dynamic properties of the 
control loop by changing proportional band, reset, 
and rate controller actions. However, a change in 
operating point affects both the static and dynamic 
properties of the controlled system—the process and 
its control valve—so that controller settings are not 
adequate for all situations. Control can become 
fast but unstable for some conditions or sluggish 
but stable for others. The best compromise must 
be found, and this can be done by a second step— 
selection of the best valve characteristic to help 
improve static and dynamic control. 

Variations in the controlled system’s operating 
point occur because the process is subject to dis- 
turbances and because the control valve counteracts 
these disturbances by exerting corrective action on 
the manipulated variable. Variations in static gain 
arise through a change to a new operating point. 
Dynamic properties are affected because a change 
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in the value of the manipulated variables may, 
in turn, change the time constants of the process. 
Which valve characteristic to use depends primarily 
on the sources of disturbances and the effect they 
have on the static and dynamic gains of the process. 

The control valve gain, the slope of the valve 
characteristic at the operating point, should be 
chosen to maintain the loop gain (at 180-deg loop 
phase shift) constant. That is, the control valve 
gain should be the inverse of the process gain over 
the full range of operating points. The process 
gain is the ratio of a small variation in controlled 
variable, at any operating point, to a small variation 
in manipulated variable at the same operating point. 

Since a process may be subject to many different 
disturbances, each of which may change the process 
static and dynamic properties in a different way, 
each disturbance may call for a different valve char- 
acteristic. But in general only one valve, and hence 
only one characteristic, will be used in a control 
loop. Conflicting requirements, if any, must then 
be resolved in favor of the valve characteristic that 
best compensates for disturbances. 


Valve characteristics 


Figure 1 graphs the four basic valve character- 
istics: square-root, linear, equal-percentage (or 
exponential), and hyperbolic; the mathematical de- 
scriptions of their gain and characteristic are shown 
in Table I. The characteristics are given for the 
valve without actuator. The valve actuator’s stem- 
position-to-controller-output relation and dynamic 
gain are assumed constant. Two of the four char- 
acteristics, the linear and the equal-percentage, are 
available on the market as linear and equal-percent- 
age valves. 

There is an important distinction to be made at 
this point. Commercially available valves exhibit 
linear or equal-percentage characteristics only when 
the pressure drop over the valve plug itself is con- 
stant. From now on, the expressions linear valve 
and equal-percentage valve will be used when the 
valve itself is meant. The expressions linear char- 


*Now with Hughes Aircraft Co. 
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TABLE | — VALVE CHARACTERISTIC AND GAIN 


1) SQUARE-ROOT 
A small variation in stem positions gives a small variation in 
flow F, a serad eeeeees to ctaee-gecteen vammes ant 


i 
™ Ae ne ma - / lon) (Gain) (1) 
1 ve leg) = -_ 


kS + 
The ie de k oo ae are chosen so that F/Fmez = 0 when S 
= Oand F/Fnos = 1 when S = 1. Thus, , 
/Fmez = VS (Characteristic) (2) 

2) LINEAR 
A small variation in stem ge gives a small variation in 
flow, which is apween & stem-position variation and 
independent of 

a(F/Fmoz)/dS = k (Gain) (3) 

S Phe is = J ws dS 


The values of k and By are ¢ so that F/F naz = 0 when S 
= Oand F/Freoz = whe pal =1. Thus, 
Characteristic) (4) 


Frmas ( 
3) EXPONE IAL OR EQUAL-PERCENTAGE 
A small variation in stem position gives a variation in 
om, which is proportional to stem-position variation and to 
low. 
a(F/Fmaz)/dS = br /Feee) 
S(F/ fy (F /F mee) ~ Sk dS 

1 => 

"P/ mez = e*S / ky 
The values of k and k; are chosen so that F/Fnc2= 0.02 when 
S= ro Paz = 1 when S = 1. Thus 

mas = 0.02 X 508 (Characteristic) (6) 
4) HY PERBOLIC 
A small variation in stem position gives a small variation in 


(Gain) (5) 


FIG. 1. Ideal valve characteristics. 


flow, which is pro rtional to stem-position variation and to 
the omens of t er: 
d(F/Fmez)/dS = k(F/Fmaz)* (Gain) (7) 
S P/F mas) *d(P /F mas) = SkdsS 
mes)" = kS + ky 
The valuts of k and k; are chosen * that F/Fmaz = 0.02 when 
S = O and F/Faez = 1 when S = Thus, 
F/Fmaz = 1/(50-49 S) (Characteristic) (8) 





acteristic and equal-percentage characteristic will 
be used when the flow characteristic of a valve-plus 


piping combination is meant. 


Basing the Valve Characteristic on 
Static Considerations 


The value of the controlled variable depends on 
the values of other process variables, one of which 
is the manipulated variable. Some variables can- 
not be used as the manipulated variable because they 
might interfere with another control loop or because 
they are just plain impossible. A look at the tem- 
perature control system in Figure 2 explains why. 

The output temperature, the controlled variable, 
depends on the flow of the fluid to be heated, the 
input temperature of the fluid, the flow of the fuel, 
the heat of combustion of the fuel, and indirectly 
the fuel pressure. Here, using the fuel flow as the 
manipulated variable is logical since the controlled 
variable is sensitive to fuel-flow changes and con- 
trolling flow is easy. When the value of one of the 
other variables changes, the controller adjusts the 
manipulated variable, via the control valve, in such 
a way that the controlled variable is kept at its de- 
sired value. The other variables are called disturb- 
ing variables, and variations in their values are 
called disturbances. 

If there are no disturbing variables, or no (or 
very small) disturbances, the manipulated variable 
and the control valve remain at one specific operat- 
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ing point and the control valve characteristic is of 
no importance. The control valve has a certain 
constant gain and the setting of the controller's 
proportional band establishes the proper loop gain. 
No change will occur. (In fact, under this ideal 
condition of no disturbances, no control system 
would be needed.) 

Practically, though, the controlled variable can 
be influenced by disturbing variables in two ways: 
When the disturbing variables are considered one 
at a time, each one, together with the manipulated 
variable, are seen to contribute an effect to the 
controlled variable. If the total contribution dis- 
appears when the manipulated variable is made zero, 
the two contributions can be said to multiply. They 
can be said to add if the contribution of the disturb- 
ing variable remains when the manipulated variable 
is made zero. In the example of furnace tempera- 
ture control, Figure 2, the fuel flow can be made 
zero. Then variations in fluid flow, fluid specific 
heat, fuel heat of combustion, and fuel pressure 
will no longer have any influence on the output 
temperature, but input temperature will have an in- 
fluence because now the output temperature is 
always the same as the input temperature. 

Disturbing variables can be divided into four 
groups: 

>» Group 1 is composed of disturbing variables of 
an adding nature, there being a linear relation be- 
tween the manipulated variable and its contribu- 





tion to the controlled variable. (In the example of 
the furnace with temperature control, it is the 
heated fluid’s input temperature.) The manipulated 
variable has to change to counteract such disturb- 
ances, and a variation of a certain magnitude always 
causes a variation in the controlled variable propor- 
tional (or linear) to that magnitude. This means 
that here a linear valve-plus-line characteristic is 
needed to change the controlled variable by a cer- 
tain amount for a certain change in stem position, 
whatever the value of the manipulated variable 
might be. In this way, the static gain from the 
control valve to the controlled variable is kept 
constant. 

> Group 2 is composed of disturbing variables 
of an adding nature, the relation between the 
manipulated variable and its contribution to the 
controlled variable being quadratic, as in control- 
ling fluid flow and pressure: AP=KF?, The manip- 
ulated variable has to change to counteract such 
disturbances. For a quadratic relationship, a varia- 
tion of a certain magnitude in the manipulated 
variable causes a variation in the controlled variable 
proportional to that magnitude and to the manip- 
ulated variable. Now a square-root valve-plus-line 
characteristic is needed to keep the static gain 
constant. 

>Group 3 is composed of disturbing variables 
of the multiplying nature that do not enter the 
process by influencing the manipulated variable. (In 
the example they are the flow of fluid to be heated, 
its specific heat, and the heat of combustion of 
the fuel.) ‘The manipulated variable has to change 
to counteract such disturbances. Variations of a 
certain percentage in the manipulated variable cause 
a variation in the controlled variable proportional 
to that percentage. Here, an equal-percentage valve- 
plus-line characteristic is needed to vary the con- 
trolled variable by a certain amount for a certain 
change in stem position, independent of the value 
of the manipulated variable. In this way, again the 
static gain is kept constant. 

> Group 4 is composed of those variables of the 
multiplying nature that do enter the process by in- 
fluencing the manipulated variable. (In the ex- 
ample it is the fuel pressure.) The corrective action 
of the control valve against disturbances of this 
group has to be such that the manipulated variable 
itself is kept constant. The manipulated variable 
itself is now the controlled variable. The same cit- 
cumstances exist in flow control, where the con- 
trolled variable is also directly or indirectly the flow 
through the control valve. In these cases, the real 
manipulated variable is the valve-port opening, and 
an equal-percentage valve (not valve-plus-line char- 
acteristic) is needed to vary the controlled variable 
by a certain amount for a certain stem position. In 
this way, the static gain is kept constant. 

The disturbing variables and the valve character- 
istic to use are listed in Table II, Part A. This table 


also shows selection based on dynamic considera- 
tions. 


Basing the Valve Characteristic on 
Dynamic Considerations 


Figure 3 shows how loop gain can vary due to a 
change in static loop gain or to a change in process 
dynamic properties. A combination of the two can 
also change the gain. Up to now, the character- 
istic was chosen with an eye to keeping the static 
loop gain constant in spite of disturbances. These 
same disturbances, however, may also affect process 
dynamic properties, thereby changing the gain at 
180-deg phase lag. But keeping the loop gain con- 
stant at 180-deg phase lag by using the proper valve 
characteristic would give one setting of controller 
proportional band control over the whole range. 

The procedure is to see how the process gain at 
180-deg loop phase lag varies with changes in dy- 
namic properties, and then to choose a valve char- 
acteristic (taking into account the characteristic 
previously chosen from static considerations) that 
keeps the gain constant at 180-deg phase lag. In 
most cases, the manipulated variable is basically a 
material or heat flow, and the dynamic properties 
then are always in some way dependent on the 
manipulated variables. The procedure can be es- 
tablished separately for two types of processes: those 
having only one time constant dependent on the 
manipulated flow and those having more than one 
time constant dependent on the manipulated flow. 
The single (flow-dependent) time constant process 
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FIG. 3. Typical frequency response diagram shows how 
the static loop gain and the gain at 180-deg phase lag 
can both change when the manipulated flow changes. 








arises most frequently in practical applications. Here, 
as will be shown, the valve characteristic to use for 
a particular disturbing variable can be related, like 
the choice on static considerations, directly to the 
disturbing variable. But multitime-constant proc- 
esses may have one time constant dependent both 
on the manipulated flow and on a disturbing var- 
iable, so that one time constant may remain fixed 
while the others change with variations in the 
manipulated flow. For such processes the procedure 
is complicated but does permit an orderly choice. 


Single-time-constant processes 


When a material or heat flow enters a process, 
it has to leave at some other place. In between, 
the process has a certain storage capacity for the 
material or heat. It is common usage, when the 
storage capacity is concentrated in one place, to 
speak about the holdup time of the process. The 
holdup time is the quantity of material or heat 
stored, divided by the flow of material or heat. If 
the flow influences the stored quantity and vice 
versa, the holdup time determines one (often the 
largest) time constant of the process. There may 
be other (nonflow-dependent) time constants in the 
process, such as measuring and transmission lags. 

In most cases, the material or heat flow is in some 
way dependent on the manipulated variable and the 
controlled variable in some way dependent on mate- 
rial or heat flow and on the amount stored. Thus, 
the holdup time (for a concentrated storage) is re- 
lated to changes in the manipulated and controlled 
variables and, since the specific relation between 
these variables is defined for each type of disturb- 
ance, the change in holdup time can be related to 
the disturbing variable in one of these groups: 

>» Group 1 disturbing variables cause the manip- 
ulated flow and the amount stored to change pro- 
portional to each other; holdup time is constant. 

>» Group 2 disturbing variables cause the amount 
stored in the process to be proportional to the square 
of the manipulated flow; holdup time changes pro- 
portional to the manipulated variable. 

>» Group 3 disturbing variables do not change the 
amount stored but cause the flow to change; holdup 
time is inversely proportional to the manipulated 
variable. 

> Group 4 disturbing variables do not influence 
the flow or the amount stored, because the manip- 
ulated variable is kept constant by the control sys- 
tem; holdup time remains constant. 

The valve for Groups 1 and 4 disturbing variables 
is chosen on the basis of static considerations alone. 
The choice for Groups 2 and 3 will be influenced 
by the dynamic effect of the disturbing variables. 
Table II, Part B summarizes the choices. 

The reasoning behind these choices follows: 

> When holdup time is proportional to manip- 
ulated flow and determines the largest time con- 
stant, the process gain at 180-phase lag is inversely 
proportional to flow. 
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> When holdup time is inversely proportional to 
manipulated flow and determines the “ est time 
stant, the process gain at 180-deg phase lag is in- 
versely proportional to flow. 

Group 2 disturbing variables cause the static gain 
to vary proportional to the manipulated flow. But 
they also cause the time constant to vary propor- 
tional to the flow. The net result is that, for a 
single holdup time process, a Group 2 disturbing 
variable causes the gain to remain constant with 
changes in the manipulated flow. Thus, a linear 
valve-plus-line characteristic is used. 

Group 3 disturbing variables cause the static gain 
to vary inversely proportional to the manipulated 
flow. They also cause the time constant to vary 
inversely proportional to the flow. Again, the net 
result is that, for a single holdup time process, a 
Group 3 disturbing variable causes the process gain 
to remain constant with changes in the manipulated 
variable. And again a linear valve-plus-line char- 
acteristic is used. 


Multitime-constant processes 


Choice of the correct valve characteristic for multi- 
time-constant processses can be related to a type 
of disturbing variable but sometimes only indirectly 
because, as was mentioned previously, such a dis- 
turbance and the manipulated variable may both 
affect one time constant in opposite directions; then 
the critical time constant will not change, while the 
other time constants will change because of the 
change in the manipulated flow alone. 

For each disturbing variable, each time constant 
must be analyzed to see what effect a change in the 
manipulated flow has on it, and then all must be 
analyzed to see how the loop gain at 180-deg loop 
phase lag varies according to the manipulated flow. 
The effects can be divided into three categories: 

1. The loop gain at 180-deg loop phase lag varies 
proportional to the manipulated flow. Here, the 
valve compensates by letting the static loop gain 
vary inversely proportional to the flow. As in the 
single-time-constant process, some of this compen- 
sation comes from the characteristic selected on 
static considerations, so the final choice, accounting 
for both static and dynamic considerations, depends 
on the original static choice. Table II, Part C, 
points out which valve characteristic to use. 

2. The loop gain at 180-deg loop phase lag varies 
inversely proportional to the manipulated flow. Here, 
the valve compensates by letting the static loop gain 
vary proportional to the flow. The valve character- 
istic to use is shown in Table II, Part C. 

3. The loop gain at 180-deg loop phase lag re- 
mains constant with changes in the manipulated 
flow. Here, the valve characteristic to use depends 
only on the static choice, and this, too, is shown in 
Table II, Part C. 

Under what conditions does a multitime-constant 
process show these three effects? The answers were 
obtained for a four-time-constant process by plotting 





families of curves, showing how the manipulated 
flow varies the time constants and how these varia- 
tions affect the loop gain at 180-deg loop phase lag. 
Here the first time constant is the largest, the second 
is the next largest, and so on. Several families of 
curves were plotted; in one three time constants 
were held fixed (at several different values) and 
the fourth varied over a range of 108; in another two 
time constants were held fixed and two varied; and 
in a third three time constants were varied and one 
held fixed. The answers are listed in Table II, Part D. 
The specific effect for a disturbance to a given proc- 
ess is referred back to Part C. Also a dead time was 
introduced. It was found that time constants smal- 
ler than the dead time have'no influence on the loop 
gain at 180-deg loop phase lag. 

It is important at this point to summarize and 
emphasize the procedure: 

1. The process is analyzed to determine, on a 
qualitative basis, the disturbing variables that can 
affect the controlled variable. 

2. The valve characteristic is determined. for each 
disturbing variable and the estimated size (quanti- 
tative basis) of the disturbance determines the 
dominance of that characteristic in making the final 
selection of the control valve. 

3. The control valve is finally selected on the 
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compromise basis of the dominating characteristic 
needed to compensate for all disturbing variables. 

It must be noted that the valve characteristic can 
compensate for variations in gain only. The fre 
quency at 180-deg phase lag varies, too, and these 
variations can give difficulties with the settings for 
reset and rate actions. 

It is also possible that the stored amount does not 
influence the flow, as in a level control system in 
which the change in level is negligible or the static 
pressure in the vessel is high. The material stored 
will now be the integral of the difference between 
the incoming and the outgoing flows. When this 
difference is zero, the level remains constant. When 
not zero, it will increase or decrease at a constant rate 
proportional to the difference. The dynamic prop- 
erties of such a process without self-regulation do not 
change as a function of the flow. If one of the flows * 
is a disturbing variable, it belongs to Group 1 and 
requires a linear characteristic. 

When equally strong disturbances cause trouble- 
some conflicting requirements in making the valve 
selection, one of the disturbing variables can be 
eliminated by maintaining it constant with its own 
control system or, in the case of a Group 4 disturb- 
ing variable, with a master-and-slave control system. 

For selection examples, turn the page 
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DYNAMIC CONSIDERATIONS 





STATIC 


DISTUT.3ING CONSIDERATIONS 


Multiple-time-constant process 
PART C 


VARIABLE 


PART A 


Single holdup time 





Loop gain* varies 
proportional to 
manipulated flow 


PART B 


Loop gain* varies 
inversely prop. to 
manipulated flow 


Loop gain” is 
constant 





GROUP 1 
(adding, linear) 
GROUP 2 
(adding, quadratic) 


GROUP 3 
(multiplying, no 
influence on 


Use linear valve- 


plus-line characteristic 


Use square-root 
valve-plus-line 
characteristic 


Use equal-percentage 


valve-plus-line 
characteristic 


Same as static Use square-root 


characteristic 
Use linear _ 
characteristic 


Use linear 
characteristic 


Use linear 
characteristic 


Use equal-percent- 


age characteristic 


Use linear 
characteristic 


Use hyperbolic 
characteristic 


Same as static 


Same as static 


Same as static 


manipulated variable) 

GROUP 4 Use equal-percentage 
(multiplying, valve 

influences manip. var.) 


Same as static _ 


*At 180-deg loop phase shift. 





PART D -—- HOW MANIPULATED FLOW AFFECTS PROCESS GAIN 


1. The process gain at 180-deg phase lag is pro- 2. The process gain at 180-deg phase lag is con- 3. The process gain at 180-deg phase lag is in- 


portional to the manipulated flow when: 

a. The largest time constantt (being much 
larger than the other time constants) is in- 
versely proportional to the flow; or 

b. The two largest time constants (being much 
larger than the other time constants) are in- 
versely proportional to the flow; or 

c. The third time constant (with or without 
smaller time constants and being much larger 
than the next smaller independent time con- 
stant) is proportional to the flow; or 

d. The second, third, and fourth time constants 
with or without smaller time constants are 
proportional to the flow. 


stant when: 

a. The second time constant is dependent on 
the flow; or 

b. The fourth or smaller time constants are 
dependent on the flow; or 

c. The second and third time constants are de- 
pendent on the flow, the difference between 
the first and fourth being not too large; or 

d. The first, second, and third time constants 
are dependent on the flow; or 

e. The dependent time constants are smaller 
than the dead time. 


tThe time constants are counted in order of magnitude, the first one being the largest. 


versely proportional to the manipulated flow 
when: 

a. The largest time constant (being much larger 
than the other time constants) is proportional 
to the flow; or 

b.The two largest time constants (being much 
smaller than the other time constants) are 
proportional to the flow. 

c. The third time constant (with or without 
larger time constants and being much larger 
than the next smaller independent time con- 
stant) is inversely proportional to the flow; or 
d. The second, third, and fourth time constants, 
with or without smaller time constants, are 
inversely proportional to the flow. 








Four Practical Examples in Choosing a Control Valve Characteristic 


EXAMPLE 1—FLOW 


Controlled variable: Flow F (direction not specified) 
Manipulated variable: Valve port area A 
Disturbing variables: Pressure P; 
Pressure P, 
Resistance in line or equipment R, 
Resistance in line or equipment R, 

When making the manipulated variable zero (by closing the valve) the 
controlled variable F becomes zero too, and none of the disturbing variables 
has any influence. They are Game 3 disturbing variables and call for an 
equal-percentage valve in all cases, keeping in mind that the manipulating 
vatiable is the valve port area. No time constant is dependent on the manip- 
ulated variable. 


EXAMPLE 2—PRESSURE 


The pressure is controlled in a vessel with an incoming material-flow 
and an outgoing material-flow. 

Controlled variable: Pressure P, 

Manipulating variable: Flow F (direction not specified ) 

Disturbing variables: Pressures Ps and Ps 

Resistances R, and R,» 

When the manipulating flow is made zero, the disturbing variables Ps, Ri, 
and Rs do not influence Pi. They are of the multiplying type. Pes and R; 
(Group 4) require an equal-percentage valve, because if only these give two 
disturbances, F is in fact controlled. Rs (Group 3) requires an equal-percent- 
age characteristic of the valve-plus-line-and-equipment at the controlling-flow 
side. Ps (Group 2) can still influence P; if F is zero and requires, in this 
case, a square-root characteristic; if the holdup time of the vessel determines 
the largest time constant, a linear characteristic must be used instead of the 
equal-percentage or the square-root. 


EXAMPLE 3—TEMPERATURE 
Controlled variable: | Temperature T: 
Manipulated variable: Fuel flow F: 
Disturbing variables: Fluid flow Fi 
Input temperature T: 
Specified heat (composition) of F; 
Pressure P 
Heat of combustion (fuel quality) 
Input temperature Ts 
If the manipulated flow F: is zero, the only disturbing variable able to 
influence T; is the input temperature T;. This Group 1 disturbing variable 
requires a linear characteristic. All the other ones (Group 3) require equal 
percentage characteristics, except P (Group 4) which requires an equal- 
percentage valve. Flow F: may be steam that condenses or a liquid that 
flashes in the heat exchanger. If flow F: condenses or flashes, the influence 
of variations in T: is minor, but the heat of vaporization (composition) 
becomes important. If the first time constant is dependent on manipulated 
flow, « linear characteristic shall be used instead of an equal-percentage. 


EXAMPLE 4—LEVEL 


Controlled variable: — Level L 

Manipulated variable: Flow F: 

Disturbing variable: Flow F; 

Pressure P 

If the manipulated flow is made zero, the level changes due to F; (Group 
1). This requires a linear characteristic. If P (Group 4) has influence on 
manipulated flow F., an equal-percentage valve is required. If P has influence 
on the nonmanipulated flow F,, and in this way indirectly on the level, P 
is a Group 1 disturbing variable requiring a linear characteristic. 
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How Diodes Generate Functions 


THE GIST: Here is a description of the basic diode-resistor voltage-sensitive 
networks, leading to a universal diode function generator circuit. Practical 
diode-biasing techniques are also developed. A later article will detail the 
effects of actual nonideal diode characteristics on these networks, and will 
discuss the basic circuits used in the most important commercially available 


universal diode function generators. 


E. J. GALLI, Sperry Gyroscope Co. 


The theory of diode function generators is based 
on the fact that abrupt changes in circuit impedance 
occur when biased diodes switch from conduction to 
nonconduction, or vice versa. The point of conduc- 
tion of a diode in a resistance network can be con- 
trolled by biasing, and the number and the sequence 
of diodes that conduct can be made dependent on 
the magnitude and sign of the voltage input to the 
network. In this manner, the input-output transfer 
characteristic of the network may be made to ap- 
proximate any desired continuous function by a 
series of linear segments. 

With functions consisting of only a few linear 
segments, such as backlash, dead-zone, and saturation 
characteristics, only a few diodes are necessary. The 
generation of smooth curves, on the other hand, re- 
quires small incremental changes of circuit imped- 
ance, and the original function can be closely approxi- 
mated only if a large number of diodes are used. The 
number necessary will depend on the function and 
the desired accuracy. 

The nonlinear nature of actual diode characteristics 
makes transition to the conduction state gradual, 
rather than ideally abrupt. When generating func- 
tions by linear approximation, this effect causes 
slightly rounded transitions from one segment to 
another. The amount of curvature depends on the 
diodes used. Silicon junction diodes give sharper 
breaks than thermionic types. The amount of curva- 
ture is usually negligible when functions with slope 
discontinuities are generated, and for smooth func- 
tons a slight curvature is desirable. 

In the circuits to follow, the equations presented 
assume ideal diodes. The effects of the nonideal na- 
ture of actual diodes will be discussed later. 


Basic circuits 


The resistance of a biased-diode-resistor network 
may be designed to be a discontinuous (step-wise ) 
function of driving voltage or driving current. The 
voltage-current characteristic of the network then 


becomes a monotonic nonlinear function composed 
of linear segments. As an example, the circuit of 
Figure 1A is made up of a parallel arrangement of a 
resistor, Ro, and any number of biased-diode and 
resistor combinations. Assuming E, < Ep, etc., the 
dynamic input resistance of the network is the slope, 
AE/ AI, of the E vs. I characteristic of the network. 
This is the discontinuous function of input voltage 
shown in Figure 1B. Figure 1C is the curve of input 
current vs. input voltage—a monotonic function. 

In general, for the circuit of Figure 1A, the slope 
of the I vs. E characteristic, or the dynamic input 
conductance, is given by 


y Ry 


Such a network may also include any number of 
resistor-diode-battery circuits of the opposite polarity, 
in which case a similar monotonic relationship of 
I vs. E will be obtained for negative values of RE. 

As another example, Figure 2A is the dual of the 
network of Figure 1A. If E;/Ri < E2/Re, etc., the 
dynamic resistance of the network will depend on 
the input current in the step-wise manner shown by 
Figure 2B, while the input-voltage, input-current 
characteristic has the monotonic form of Figure 2C. 
At any value of I, the slope of the E vs. I character- 
istic is equal to the dynamic input resistance. 

These simple nonlinear networks are used in many 
ways to generate functions. One popular design em- 
bodies the circuit of Figure 1A with an additional 
resistance in series with the input, and R, serving 
as the load resistance . If R, is constant, such a net- 
work can generate monotonic functions in the first 
and third quadrants directly, and in the second and 
fourth quadrants if an inverter stage is used. 


Why use amplifiers? 

Operational amplifiers allow more freedom to the 
designer of diode-function-generator networks by 
providing the possibiltes of sign inversion and sum- 
mation, as well as amplification. Multitonic func- 
tions (those in which the slope may change sign) 
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FIG. 1. A—Basic parallel arrangement of series diode-resistor 
circuits. Batteries represent voltage sources for biasing 
diodes. B—Dynamic input resistance of the network in A. 
C—lInput-output characteristic is monotonic function. 


can be generated using operational amplifiers as the 
difference of two monotonic functions. The ampli- 
tude of the function generated can be controlled by 
potentiometers or a variable feedback resistance. A 
function may be also translated along the ordinate in 
either direction, by adding an appropriate constant 
voltage to the function in the summing amplifier. 
Translation along the abscissa can be done by add- 
ing a constant voltage to the input variable. 

Besides their summing and inverting features, op- 
erational amplifiers are very insensitve to internal 
gain changes, and have very low output impedances 
—both features due to the very high internal gain 
and heavy negative feedback used. 

The summing point, or grid, of a summing ampli- 
fier is a virtual ground. Thus, the load resistance of 
a diode function generator network may be either 
an input or a feedback resistor for an operational 
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FIG. 2. A—Series connection of parallel diode-resistor networks 
in another useful circuit. B—Dynamic input resistance of circuit 
in A. C—Input-output transfer characteristic. 


amplifier. Most designs use the input path rather 
than the feedback path. 

The shunt limiter and feedback limiter circuits of 
Figure 3 are typical and are used for simulating 
saturation or limiting characteristics, or for limiting 
amplifier inputs to prevent overload. 

Dead-space or backlash characteristics can be sim- 
ulated by the networks illustrated in Figure 4. 


Universal DFG’s 


Diode function generators designed to generate 
any arbitrary function are called universal diode func- 
tion generators. The only limitations imposed on 
the function are that it be continuous (i.e., that it 
have no amplitude discontinuities, although slope 
discontinuities may exist), and that it be single- 
valued. 

Since it should be adaptable to a wide variety of 





functions and also be capable of feeding various 
load resistances, a universal diode function gener- 
ator must be used with an operational amplifier. The 
slopes of each linear segment must be variable in 
both magnitude and sign. Breakpoint bias voltages 
must also be variable. The circuit of Figure 5 meets 
these requirements in principle (practical designs for 
the bias supplies will be shown later), but it is only 
one of many possible configurations. Figure 6A 
shows the contribution to the output of any one of 
the positive channels, and Figure 6B shows the con- 
tribution of any one of the negative channels. Note 
that both positive and negative slopes are available 
from either channel. The individual contributions of 
each channel are summed by the amplifiers, so that 
the overall transfer characteristic, E, vs. E;, is a swper- 
position of the contributions of all the channels. 


Practical biasing arrangements 

The networks presented so far have shown bias 
sources as series batteries, which are not considered 
practical. Some practical biasing circuits will now 
be discussed. 

When one end of the bias source can be grounded, 
such as in the network of Figure 1A, a voltage di- 
vider fed by a reference voltage is a practical arrange- 
ment. This is illustrated in Figure 7. The reference 
voltage, Er, may be positive or negative. 

When both ends of the bias source must be iso- 
lated from ground, several methods are available. 
One of these methods, illustrated by Figure 8, uses 
fixed batteries with voltage dividers, which is not very 
practical since a separate battery is required for each 
diode, and the bias voltages will drift as the batteries 
age. Floating regulated power supplies in place of 
the batteries would eliminate the aging effects, but 
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FIG. 5. Circuit for universal diode function generator 
that can produce monotonic function of input in any 
quadrant. Practical bias sources are neglected. 
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FIG. 3. A—Shunt limiter circuit and transfer function. 
B—Feedback limiter circuit and transfer function. 
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FIG. 4. A—Dead-zone or backlash circuit and transfer func- 
tions. B—Dead-zone circuit using operational amplifier 





FIG. 6. A—Output of one of the positive channels 
in circuit of Figure 5. Slope may be either positive 
or negative. B—Negative channel may also have 
slope of either sign. 
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FIG. 7. A—If bias supply may be grounded, 
simple voltage divider may be used from a reference 
source. B—Thevenin equivalent circuit for A. 
































FIG 8. A—Divider across a battery or a floated 
supply can be used if bias source may not be 
grounded. B—Equivalent circuit for A. 
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FIG. 9. A—Biasing from balanced reference supplies 
through a voltage divider. 
B—Equivalent circuit for calculation of Es, see text. 
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FIG. 10. Biasing through a voltage 


divider and summing network. 


is still not considered to be a really practical answer. 

A better arrangement is shown with its equivalent 
circuit in Figure 9A. This circuit uses a voltage di- 
vider across balanced reference supplies. A diode to 
be biased is normally connected to terminal 1, as 
shown in the diagram. Load resistance Rz, which is 
usually required by the rest of the circuitry, may be 
connected either directly to ground, or to a virtual 
ground such as the grid of an operational amplifier. 
Before the diode conducts, that is, for I, = 0, the 
bias voltage appearing between point 1 and ground 
(or point 2, since for I; = 0, Ez = 0) is aE. After 
conduction, that is, for I, ~ 0, E, is no longer zero, 
and assuming an ideal diode, is given by: 


Ey = (E; — aE) [ 
for E, oa aEr 


After conduction, therefore, the circuit may be 
represented by the equivalent circuit of Figure 9B. 
This equivalent circuit gives E2 exactly, but does not 
give the total current I, drawn from the E, source 
through the diode. This current is calculated as fol- 
lows: 

I, = 0, for E; < aEp 
ae {az __R+2R, _ 
(1 —a) R[R, +a (R + Rz)) 
for E; > aEp 

Note that bias voltages equal to the reference volt- 
age magnitude cannot be obtained by this method, 
since then a = l, and for E; > Eg, I, would be 
infinite. This is still not a major drawback, however, 
since Ez represents the maximum excursion of the 
magnitude of E,. 

Another biasing method, illustrated in Figure 10, 
consists of a voltage divider and a summing network 
placed before the diode. 

Before conduction, Ip = 0, and 


E, = (4: — aEe) + [a (1 — a) RB, 
' 2Ri+a(l—a)R ' 

for Ip = 0 or FE, < |E3| 

For R << R,, this expression reduces to: 


Fin ss tor E, < aEpz 


hn a 
R, +a(R + Rx) 


\ (EB; —_ aER), 


E, = 





FIG. 11. Bias circuit for diode used in 
feedback loop of operational amplifier. 





Therefore, for E; less than the magnitude of the 
bias voltage, Ez, there is no conduction and Ey = 0. 
For E; greater than |Ez|, E, becomes positive, con- 
duction occurs, and the output voltage is given by: 


‘2 Ri oe 
E, = [ R, + 2Rt ]@ aE), 
for E, > aEgandR <« R,. 
If R is not low enough, the general expression is: 


[x wills batts Bi | Re 
1 
Ey => — - — — - —— 

(Ri + Rx) [: +a(l—a) E| + Ri 


Figure 11 is a circuit for biasing diodes used in 
the feedback circuits of operational amplifiers. In 
this circuit, before conduction occurs, 


n--(F)* 
“(#) | 


Since the diodes will not conduct until E, > 0, 
no conduction will occur for Ex < (R/R’) Ep, 
which corresponds to 


~ 2 <() (Fi 


For output voltage greater than Ey) = (R/R’) Ep, 
the diode conducts and the output variation is 
given by: 


and 


Ro R,! 


Eo = — + Be) [= (- 


where 


RR, 
R! 

The effects of diode nonidealities and a discussion 
of the relative merits of thermionic diodes vs. ger- 
manium or silicon semiconductor diodes will be 
included in a later article. This article will also 
describe the basic circuits used in the more im- 
portant commercially available universal diode func- 
tion generators. 


RK! =k +R+- 
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How to Keep Track of 
SYSTEM ERRORS 


THE GIST: Attaining overall system accuracy is one phase of systems 
engineering too often pursued in haphazard fashion. In this article, 
Author Marcus advocates an orderly and logical procedure for keeping 
an up-to-date account of permissible and actual errors anywhere in 
the system. With integrated system error analysis, the author contends, 
the system designer can make realistic initial assignment of subsystem 
and component tolerances, and modify them from time to time as 
indicated by technical and economic considerations. 


STANLEY C, MARCUS 
The Emerson Electric Mfg. Co. 


An important criterion of a successful control system 
is its operating accuracy. Certain difficulties, however, 
arising during the development of a complex control 
system, may hamper meeting the accuracy specifications. 
Among these are difficulties in predicting accuracy as a 
function of the system’s design; difficulties in achieving 
sufficient accuracy in a fabricated system; and difficul- 
ties in assessing the overall accuracy once the system has 
been built. 

Throughout the stages of planning, designing, testing, 
and producing the control system, there is a continuing 
need to know many things about accuracy. Errors occur 
at every stage, and an orderly accounting should be 
made of the origin and magnitude of these errors and 
their effect on overall system accuracy. This orderly 
procedure is called Integrated System Error Analysis, 
or ISEA. 

An integrated error analysis for a complex system 
requires human accounting of tolerances and errors; 
on very large systems, there must be an accountant for 
each subsystem. The duties of the error accountant 
would be to maintain a record of the present values of 
system errors as well as errors internal to the system, all 
based on the best available information. For large sys- 
tems, one person should be assigned as integrator of 
the error analysis. His duties would be chiefly to assist 
subsystem error accountants in assigning tolerances to 
components and in determining subsystem errors. More 
specifically, he would: 

> make initial assignment of tolerances to each sub- 
system, usually on a statistical basis 

> specify test equipment accuracy requirements 

+ dabieanins fo | system accuracy from the up-to- 
date accuracies furnished by the error accountants 

> recommend limited design changes, or even changes 
in large portions of the system when necessary, to keep 
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the actual system error within the value allowed by 
specification 

> revise tolerances initially assigned, as dictated by the 
overall technical and economic requirements 

To make sure that the error analysis is kept on a 
sound basis, the computed values for subsystem errors 
should be compared, whenever possible, with measured 
values—that is, “feedback” should be used between test 
and design. The results of such comparisons should 
then be a basis for revision, when indicated, of the 
method of classifying and describing individual errors 
and the method of combining errors to compute sys- 
tem, or output, errors. 

Carrying out an ISEA program will require further 
development of methods for: the classification and 
mathematical description of errors; the determination 
of subsystem and component tolerances and input ac- 
curacy requirements, all as a function of the overall 
system accuracy requirement; and the calculation of 
the output error of any device subject to a number of 
input and performance errors. 

Integrated system error analysis gives the organization 
responsible for the system strict control over accuracy 
by assuring that both the overall design, and all systems 
and subsystems actually produced, meet accuracy speci- 
fications. In addition, ISEA provides data for: the as- 
signment of tolerances required in such manufacturing 
operations as fabrication, processing, and assembly; 
operations analysis studies; preparation of proposals for 
systems of a related nature; and reporting to the cus- 
tomer. The customer may be an outside organization 
or an operating division within the same company. 


Assignment of tolerances 


One prime use of integrated system error analysis is 
making initial assignment of tolerances to subsystems. 
Proper apportionment of the overall system error among 
the subsystems requires a balance between technical and 
economic demands. Decreasing the allowable tolerance 

















range to target 

gun station speed 

air density 

prediction angle 

tracking line angle 
= gun line angle 


= rate of change of gun line angle 


Block diagram or typical gun-aiming system aids in assigning 
initial tolerances to subsystem whose input and performance 
errors contribute to the overall system error. 


of a simple, $1,000 subsystem may increase its cost by, 
say, $200; but adding this increment of tolerance to a 
complex $10,000 subsystem of the same system may 
reduce its cost by $500. Net savings would be $300. 

As an example of tolerance assignment, consider the 
airborne flexible gunnery fire control system shown in 
block diagram form in the figure. Such a system must 
track a target, compute where its guns should be aimed, 
and properly direct the guns. Since the system will obvi- 
ously do each of these tasks imperfectly, it will have a 
tracking error, a computation error, and a direction 
error. In addition, there will be a harmonization error 
because of inaccurate placement of the tracking member, 
guns, and aircraft with respect to each other. 

Suppose a fire control system must have an overall 
gun-aiming error never greater than plus or minus 5 
milliradians. One approach to meeting this specification 
is to assume that each of the subsystem errors con- 
tributing to the total error is at its maximum allowable 
value, and that all subsystem errors act in the same 
direction. That is, for instance, each error is at the 
plus side of its maximum tolerance. Thus, to assure 
that the system would never exceed 5 mils error, the fol- 
lowing tolerances might be assigned, on a straight arith- 
metic basis, for the individual sources of error: 

Tracking 1.50 mils 

Computation 1.25 mils 

Direction 1.25 mils 

Harmonization 1.00 mils 
However, because the probability of errors of randomly 
selected subsystems all being in the same direction is 
relatively small, this method of assigning tolerances is 
highly restrictive; meeting these tolerances puts an extra 
burden on design and testing and adds considerable 
cost to the system. 

A more customary approach is to take cognizance and 
advantage of the statistical spread in errors of fabricated 
components and subsystems, and to use the statistical 
nature of the independent errors in assigning tolerances. 


The statistical spread of error is usually described in 
terms of standard deviation a, which is the root-mean- 
square deviation from the mean error. For a normal 
distribution of errors the “maximum” error is usually 
considered to be 3o in magnitude. Although the maxi- 
mum value in a normal distribution is infinite, 99.74 
percent of all values lie between plus and minus 30 of 
the mean. Thus the use of 30 as the maximum allow- 
able error means in essence that 99.74 percent of devices 
(parts, subsystems, etc.) have an error smaller than their 
assigned tolerance. 

Mathematically, the relationship between the stand- 
ard deviations of the individual errors and the standard 
deviation of the total error is: 

(oz)? = 2 @Ez/0E;)* (0)? (1) 
Similarly, the individual and total errors are related by: 
(Ez,,,,)° = = @Ez/0E;)* (Ei, (2) 

Since the partial derivatives of the total error with 
respect to each of the individual errors is unity, Equa- 
tion 2 becomes, for the present example: 

5 = 2 (Ki ..)* (3) 

According to Equation 3, the squares of the individ- 
ual errors may total 25 mils squared, yielding a system 
error of 5 mils. The following individual tolerances 
may be assigned: 

Computation .00 mils 
Tracking .00 mils 
Direction .00 mils 
Harmonization .75 mils 
Compared with the arithmetic method, the statistical 
method of assigning tolerances has significantly widened 
the allowable error limits, in this case roughly by a factor 
of two, yet with 99.74 percent assurance that a combi- 
nation of subsystems having these errors will yield a 
system having an error within its allowable tolerance. 

The computation error is caused by inaccurate inputs 
to the computer, by approximations made to the mathe- 
matical relations which determine where the guns 
should be aimed, and by component errors. Such errors 
are called, respectively, input, calibration, and instru- 
mentation errors. Because they are independent, their 
values are considered to combine squarewise. This per- 
mits the tolerances on the errors comprising the 3-mil 
computation error to be assigned as follows: 

Input 1.0 mils 
Calibration 2.0 mils 
Instrumentation 2.0 mils 

Carrying the assignment of the computation tolerance 
a little further, note that the figure shows that the com- 
puter inputs determining the prediction angle P are: 
the velocity of the gun station, Vos, the relative air 
density, p, the range of the target, R., the angular posi- 
tion of the gun line, 40:, and the angular velocity of the 


gun line, 6.,. Adopting Equation 2, Equation 4: 
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divides the 1-mil input tolerance among the com- 
puter inputs to assign allowable errors to each input. 
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Control System Test Equipment 


SIGNAL GENERATORS 


PART I: 


THE GIST: Control systems are tested to determine their transient response 
(to a step input), their frequency response (to a sinusoidal input), and other 
specialized characteristics. The author explained how to perform these 
tests and how to interpret test results in an earlier article, “Testing Servo- 
mechanisms” (CtE, September 1956, p. 174). The present article is the 
first of three covering the specialized equipment for performing these tests. 

This specialized equipment, whether commercially available or home- 
grown, divides into three classes: 1) devices that only generate a test signal, 
2) systems that generate a test signal and also provide a means for evaluat- 
ing control system response, and 3) devices that only evaluate control system 
response. This article describes seven commercially-available signal genera- 
tors that fall in the first class; the succeeding articles will cover equipment 


in classes two and three. 


ABRAHAM M. FUCHS, Boonshaft & Fuchs, Inc. 


The seven test generators described in this article 
consist of five electronic oscillators and two mechan- 
ical generators. Their output frequency ranges 
from a low of 0.0005 cps (item 1) to a high of 100,- 
000 cps (item 4). Very often these test signal gen- 
erators and other standard laboratory equipment 
are all that is needed for complete frequency re- 
sponse and transient response tests. This is par- 
ticularly true when de signals are required as input 
test functions, and when dc signals are available as 
the control system output. Table I lists selection 
factors that should be considered when choosing a 
low-frequency electronic oscillator for a particular 
control system test. 


Transient response measurement 


Figure 1 shows the method for obtaining step 
response data. The input step can be generated 
repetitively by test items 1, 2, 3, 4 or 5, or it can 
be generated on a one-shot basis by a switch or 
relay, or by test item 1. (Table II on page 118 
summarizes the important characteristics of the sig- 
nal generators.) The output single-shot response 
can be observed on an oscilloscope whose sweep 
is triggered by the test input (note that test item 1 
provides a trigger pulse that anticipates the step 
output and permits the entire transient response to 
be observed). Steps at a fixed repetition frequency 
permit continuous observation of the output, though 
some care must be taken to make sure that the 
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transient response is complete before the step input 
is altered. In many instances an oscillogram or 
plotting-table recording of the response is desirable; 
for slow control, for instance, this technique allows 
a more careful examination of the actual response. 
In both continuous and single-shot cases it is desir- 
able to record the time that the step is applied so 
that system initial response can also be evaluated. 

Rise time, natural frequency, damping ratio, sub- 
sidence ratio, settling time, and overall system trans- 
fer function are the major parameters normally 
determined by step response tests. But transient 
response testing as a whole often includes obtaining 
the system velocity constant as well. The latter 
can be most readily determined by using ramp test 
inputs. Test items 1 and 3 can be used for generat- 
ing the ramp input (constant velocity input). Any 
of the step-input generators (a switch, or test items 
1 to 5) can be used if it is followed by an integrator 
that generates a ramp output for a step input. The 
ramp response can be observed on an oscilloscope or 
oscillographic recording device. 

Constant acceleration inputs can be generated by 
using a special diode shaping network with test item 
1, or by an integrator operating on the ramp output 
of test items 1 or 3. 

When evaluating velocity or acceleration con- 
stants, the error level should be recorded as well 
as the output. The reason: if the error is small 
compared to the output level, it is difficult to deter- 
mine unless it is recorded directly. In addition, it 
is desirable to record the error for both positive 
and negative ramp and acceleration inputs; this 





makes it possible to separate the error level due to 
input dynamics from the error level due to offsets 
in the error amplifier. 

Frequently the minimum input that will cause 
output motion must be determined. Step inputs 
can be used for this purpose (items 1 through 5). 
As the input is increased from zero a level will be 
reached at which the output will begin to respond. 
But decreasing the input will often reveal a much 
lower input level at which output response ceases, 
unless a very low-rate cyclic step is used. The mini- 
mum input response level is also a function of other 
operating conditions, making it a difficult quantity 
to evaluate exactly. 


Frequency response measurement 


Frequency response can be measured using only 
test-signal generators and general-purpose recording 
equipment, especially for systems with dc output 
signals. Items 1 through 7 provide sine-wave sig- 
nals over extended frequency ranges (see Table IT). 
These signals are applied as the test input, and 
control system output is recorded on an oscillograph 
for frequencies below 0.5 cps. The input test signal 
is recorded on an adjacent channel. Phase can then 
be read by comparing the zero crossovers of the two 
signals. At frequencies above 0.5 cps the output 
can be displayed on an oscilloscope, or, by using 
an electronic switch, both input and output can be 
displayed simultaneously and phase read directly. 

Amplitude response vs. frequency is generally read 
directly on the recorder or oscillograph that is being 
used to study the output. These devices usually 
include calibrated attenuators that facilitate the 
amplitude measurement. 

When the de output signal is highly nonlinear 
(for example, when testing at low amplitudes with 
backlash present), Fourier analysis of the output is 
necessary to obtain the fundamental component. 
This is tedious, but it is the only way unless a device 


TABLE | 
ELECTRONIC OSCILLATOR SELECTION FACTORS 





FREQUENCY RANGE—Oscillator test frequencies should cover the range 
from a tenth to 10 times the natural frequency of the control 
system under test. 

AMPLITUDE RANGE—The output amplitude should be sufficient to drive 
the control system to a large percentage of full scale, and at 
the same time it should be easy to attenuate the signal so that 
very low levels can be obtained for high-frequency tests. 

WAVEFORM—Some thought must be given fo the effect of straight- 
line approximations to a sine wave on the appearance of the 
error signal, and to the ability of the control system to counteract 
the discontinuities in the input signal. Harmonic distortion may 
also be significant in some instances. 

DC OFFSET—1In the test of integration-type control systems, de offset 
of the test signal is very troublesome. 

MISCELLANEOUS—Cost, availability of square wave and ramp outputs 
for transient testing, switching time for change in frequency, con- 
venience, and reliability. 
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FIG. 1. Test setup for obtaining step response. 
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FIG. 2. Use of bandpass filter for 
noise reduction in frequency response testing. 


such as the Solartron Transfer Function Analyzer 
(covered in next article) or the techniques described 
in Ref. 1 are used. 

When the dc output signal is noisy a bandpass 
filter can be used to improve the frequency response 
readings. The filter can be constructed on an analog 
computer, or purchased (Model 330A Krohn-Hite 
low-frequency bandpass filter). The latter produces 
an output/input of 

wr! 
(1 + Q7A@n — w*r,")*(1 + 2jA wre — w*r,?)? 
so that it provides 24 db/octave attenuation outside 
of the bandpass region. It is adjustable on both 
break-points from 0.02 to 20,000 cps. (Price: $475.) 

Since a low-frequency bandpass filter exhibits 
very high phase shift at only small deviations from 
its tuned value, it is essential to eliminate this error 
source from the test results. This is accomplished 
as shown in Figure 2. 

Noise attenuation can also be obtained by using 
the Solartron Transfer Function Analyzer or the 
techniques Of Ref. 1. 

When the output is an ac signal, phase is meas- 
ured by means of Lissajous patterns. Amplitude is 
measured as it is in the de case, although some care 
must be taken to prevent quadrature signals from 
interfering with accuracy. More detail on the prob- 
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lem of frequency response measurements with ac 
signals will be provided in the third article, cover- 
ing devices that are only used to evaluate control 
system response to test input signals. 


REFERENCE 


THE APPLICATION OF AN ANALOG COMPUTER TO 
THE MEASUREMENT OF PROCESS DYNAMICS, P. E. A. 
Cowley, ASME paper No. 56-IRD-20, 1956. 


1. 


TABLE II—-CHARACTERISTICS OF LOW-FREQUENCY OSCILLATORS 


ELECTRONIC SIGNAL GENERATORS 





Manufacturer 


Designation 
| eps 


Freq. range, | Output level, 


volts 


Distortion, 
less than 


| Cost, $ 


Remarks 





British industries Corp. 
80 Shore Road 
Port Washington, N. Y. 


| LF-51 0.0005 to 4 percent 


| 500 


0 to 150 





Donner Scientific Co. 
Concord, Calif. 


| Model 1500 | 0.01 to 


1,000 


0 to 10 1 percent 








Hewlett-Packard Co. 
275 Page Mill Road 
Palo Alte, Calif. 





Krohn-Hite Instrument Co. 
580 Massachusetts Ave. 
Cambridge 39, Mass. 


Solartron, Inc. 
530-532 Cooper St. 
Camden, N. J. 


| Model 202A | 0.01 to 
1,200 


| 0 to 30 


1 percent 





Model 400A | 


0.009 to 0 to 30 
1,100 


1 percent 


Mode! 410A 0.02 to 
| | 20,000 


0 to 5 0.1 percent 


| Model 440A | 0.001 to 
100,000 

0.01 to 
1,110 





0 to 30 


0.1 percent 


O. S, 103A 


0 to 10 2 percent 


Synchronizing pulse for transient test; 
diode shaping of triangular waveshape; 
almost unlimited variety of waveshapes 





| Simultaneous square wave; 
| conventional oscillator circuit 


Diode shaping of triangular waveshape 
to sinusoidal; synchronizing pulse; square 
| and triangular waveshapes available 


Special attention to rapid response to fre- 
| quency change; low distortion 


Four phases (0, 90, 180, and 270 deg); 
unconventional circuit 





MECHANICAL SIGNAL GENERATORS 





Manufacturer 


| Maximum load 


Output 
or capacity 


Designation | Freq. range, 
amplitude | 


cps 


Cost, $ 


Remarks 





Librascope, Inc. 
808 Western Ave, 
Glendale, Calif. 


Sine-wave | 0.02 to 20 0 to 1 in. 5 Ib 





Boston Div. 
Minneapolis-Honeywell Reg. Co. 
40 Life St., Boston 35, Mass. 


0 to +3 deg 
(rotational) 


generator (translational) 
| 


Type BA-101 | 1 to 100 
frequency | 
response 

analyzer 


12 Ib-in.? 
| (inertia!) 





4,500 Output can drive bellows to produce pneu- 
| matic signals; 
synchronized electrical signals available 
Primarily for frequency response test of 
inertial components; 
auxiliary instruments improve test accuracy 





1. SERVOMEX TYPE LF-51 


FIG. 3. Plug-in construction simplifies 


maintenance and makes modifi 
of standard waveshapes easy. 


The Servomex LF-51 low-frequency 
waveform generator, Figure 3, gen- 
erates a wide variety of test signals over 
a broad frequency range. Sustained low- 
frequency oscillations are developed by 
an integrating amplifier that converts 
steps of input voltage into ramps of out- 
put voltage. The step input voltage 
is obtained from a trigger circuit that is, 
in turn, switched by integrator output. 
This type of oscillator circuit is discussed 
in greater detail under item 3. Note 
that there is no switching transient when 
going from one test frequency to another. 

Diode shaping of the triangular wave 
out of the integrator gives unusual flex- 
ibility in the choice of output wavesh»pe. 
This flexibility is augmented by having 
the integrating rate independently ad- 
justable to different positive- and nega- 
tive-going values. Diode shaping limits 


cation 
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total sine-wave output distortion to 
less than 1 percent, and integrator ac- 
curacy is such that the ramp output has 
a slope change of less than 1 percent 
over its entire range. Output character- 
istics for sustained oscillations are as fol- 
lows: frequency range—0.0005 to 500 
cps; amplitude—150 volts, peak to peak; 
source impedance—90 to 1,500 ohms 
(into 5 ma load circuit); and continuous 
output waveforms—square, sine, triangle, 
sawtooth, pulse. 

All of these outputs are available in 
single as well as repetitive form. Figure 
4 shows all of the standard output forms. 
The single waveshapes include step, 
ramp, sine (90 deg), as well as triangle, 
sawtooth, sine (180 deg), square, etc. 
In addition, other waveshapes (for ex- 
ample, sine-squared or Gaussian pulses) 
can be obtained by using a special plug- 
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FIG. 4. Standard waveshapes available from LF-51. 


2. DONNER MODEL 1500 


FIG. 5. Note that square wave is 
available at a separate output jack. 


The Donner low-frequency function 
generator, Figure 5, has the following 
features: 1) Output is a true sine-wave 
oscillation with low distortion, making 
possible output differentiation with a 
minimum noise level; this is important 
in some servomechanism test procedures, 
for the break-points in the straight-line 
approximations to a sine wave may 
cause hard-to-explain errors in control 


3. 


The HP low-frequency function gen- 
erator, Figure 7, operates as shown in 
Figure 8. The bi-stable circuit has two 
parts: a flip-flop, with two stable states, 
and a multiar that generates a pulse 
when the output from the linear in- 
tegrator exceeds a switching reference 
level. The pulse from the multiar 


FIG. 6. Donner Model 1500. 


in diode waveshaping network, The out- 
put is normally balanced about zero, but 
it can be easily changed to balance at 
any desired dc level. 

An output synchronizing pulse is also 
provided for studying the transient re- 
= of a control system driven by 
this oscillator. This pulse has a 10- 
volt peak amplitude, and starts suffi- 
ciently before the test signal to be of 
use in triggering an oscilloscope sweep. 
Thus the complete transient response to 
a step can be displayed on a scope. 

Finally, by driving the LF-51 from a 
square-wave source, the nonrepetitive 
outputs are available at any desired spac- 
ing, as shown at the bottom of Figure 4. 

This oscillator provides the greatest 
variety of test signals of any piece of 
commercially-available low-frequency test 
signal generating equipment. When 
modification of the shaping network is 
included, there is almost no limit to 
the waveshape that can be generated. 
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system response. Amplitude varia- 
tion is less than 1 db. 3) Total fre- 
quency drift is less than 1 percent. 

As shown in Figure 6, the output is 
generated by a conventional oscillator 
circuit. Oscillation frequency is deter- 
mined by a_ shunt-capacitor type of 
bridged-T null network. The combined 
action of a negative and a positive feed- 
back loop provides frequency and ampli- 
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switches the flip-flop from one stable 
state to the other, thereby changing the 
sign of the input to the integrator. The 
integrator thus generates a ramp of posi- 
tive slope from one output state of the 
flip-flop and a — of negative slope 
from the other. is action results in 
a continuous relaxation oscillation. A 


tude stability. The square-wave output 
is generated by a Schmidt circuit, trig- 
gered by the sine wave output. The 
output has the following characteristics: 
frequency range 0.01 to 1,000 cps; level— 
0 to 10 volts rms; distortion—less than 1 
percent total harmonic; impedance— 
1,000 ohms for sine wave, 10,000 ohms 
for square wave; and square wave rise 
time—less than 5 microsec. 


FIG. 7. Hewlett-Packard function generator. 





Sine-wove 
output 


Squore-wove. 
output 


diode shaping network modifies the tri- 
angular output to give a sine-wave out- 
put signal. 

Output signal characteristics are as 
follows: frequency range—0.01 to 1,200 
cps; output—30 volts peak to peak 
across a 4,000-ohm load impedance, 40- 
ohm source impedance balanced or 
single-ended; distortion—less than 1 
percent rms for 0.01 to 1,000 cps, less 
than 2 percent rms for 100 to 1,200 
cps; and output waveforms—sinusoidal, 
square, and triangular. In addition, the 
function peony rovides a 5-volt peak 
{ negative ) Page of less than 5 microsec 

uration for synchronizing purposes. 
This pulse occurs at the a of the 
sine-wave output. 
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FIG. 8. Bi-stable circuit switches sign of input to linear integrator. 


4. KROHN-HITE MODELS 400A, 410A, 440A 





Figure 9 shows two models of Krohn- 
Hite’s _ultra-low-frequency __ oscillators. 
These units use a modified RC-bridge 
type of circuit with stable resistors and 
capacitors as the frequency determining 


FIG. 9. Two Krohn-Hite ultra-low frequency oscillators; A is Model 400A and B is Model 410A. 


high degree of degeneration at all except 
the test-signal frequency. 

The characteristics of these instru- 
ments are as follows: For Model 400A: 
frequency range—0.009 to 1,100 cps; 





peak; distortion—less than 1 percent; 
output impedance—1,000 ohms for sine 
wave, 10,000 ohms for square wave. 
For Model 410A: frequency range— 
0.02 to 20,000 cps; sinusoidal output—5 
volts peak to peak; distortion—less than 
0.1 percent; output impedance—500 
ohms for sine wave, 5,000 ohms for 
square wave. For Model 440A: fre- 
quency range—0.001 to 100,000 cps; 
sinusoidal output—300 volts peak to peak; 
distortion—less than 0.1 percent; out- 
put impedance—1,000 ohms for sine 
wave, 1,500 ohms for square wave. Note 
the very low distortion characteristics 
of the 410A and 440A oscillators. 

The recovery time to a change in fre 
quency setting is less than three cycles 
of dial frequency. Special design fea- 

















elements. Distortion is reduced by a _ sinusoidal output—30 volts peak to tures reduce the distortion due to AVC. 
FO Output o+>—oO mL 
5. SOLARTRON 0. S. 103A tl [ [savoring 
eo i] ‘ ml 
3 ft 1 
The O. S. 103A, Figure 10, is usually a! Ms 
considered part of the Solartron Trans- 
fer Function Analyzer (to be discussed ke ——? 
in the next article, covering complete 5 bo crevit ott 
servo analysis systems); however, it has t MY 


characteristics and capabilities that make 
it a useful item by itself as well as with 
the complete analyzer. 

To achieve stable operation down to 
very low frequencies, this unit uses the 
unique oscillator circuit shown in Fig- 
ure 11. At the oscillation frequency, 
one phase-shift network introduces 90 
deg of phase lead, the other 90 deg of 
phase lag. Their combined action gives 
a plus-one gain around the loop at one 
frequency—the frequency of oscillation. 
At all other frequencies the unity gain 
is not at 0 deg. Thus a stable, selective 
means of providing the low-frequency 
test signals is available. 

Note that mechanizing the oscillator 
this way yields four ou — at 0 deg, 90 
deg, 180 deg, and 270 deg relative phase. 
This is necessary for the operation of the 
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Resolved Components Indicator (trans- 
fer function analyzer). 

The frequency range of the Solartron 
low-frequency decade oscillator is 0.01 
to 1,110 cps. For a sine-wave output 
the other characteristics are: amplitude— 
10 volts rms; source impedance—10 
ohms for the 0- and 180-deg outputs; will 
drive 1,000 ohms to 10 volts, 10,000 
ohms for the 90- and 270-deg output; in- 
tended for reference only; phase accuracy 


—plus or minus | percent of nominal to 
1,000 cps; amplitude accuracy—plus or 
minus 2 percent of 0-deg phase; distor- 
tion—less than 2 percent harmonics for 
each phase; and dc content—less than 1.5 
percent of the ac peak to peak. For a 
square-wave output (available simultane- 
ously) the other characteristics are: ampli- 
tude—17 volts peak to peak; source im- 
pedance—600 ohms; and rise time—] 
percent of periodic time. 


6. LIBRASCOPE SINE-WAVE GENERATOR 


FIG. 12. Mechanical 
sine-wave generator. 





The Librascope Sine-Wave Generator 
provides a translational mechanical out- 
put, Figure 12. The mechanical motion 
is achieved by a Graham variable-speed 
transmission working through one of 
three optional gear trains. These gear 
trains, in turn, drive the plunger actuator 
mechanism which converts the rotary 
motion to translational motion of the 
output shaft. The output shaft can be 
used to drive bellows and produce pneu- 
matic test signals, to act as a variable 


7. MINNEAPOLIS-HONEYWELL TYPE BA-101 


Figure 13 shows the control console 
of the Type BA-101 Frequency Re- 
sponse Pre oy built by the Boston 
Div. of Minneapolis-Honeywell. It con- 
sists of the console, a mechanical oscilla- 
tor, and a test table, Figure 14. 

This instrument was designed pri- 
marily for evaluating the frequency re- 
sponse of rate gyros, angular accelero- 
meters, and similar inertial components. 
Its output is a mechanical linear sin- 
usoidal oscillation. The drive is a high- 
power velocity servo that can be con- 
trolled to maintain any constant speed 
from 1 to 100 cps within an accuracy of 
plus or minus 0.5 percent. Speed control 
is obtained by comparing a calibrated 
input voltage with the output of a tach- 
ometer coupled to a 1-hp de servomotor. 
The error signal is amplified, rectified, 
and then used to excite the control 
winding of an amplidyne. In turn, am- 
plidyne output energizes the drive-motor 
armature. Drive-motor rotation is con- 
verted into oscillatory motion by a 
scotch yoke in which are mounted the 
instruments under test. One revolu- 
tion of the drive motor gives one cycle 
of oscillation at the yoke. 

The mechanical sinusoidal oscillator 
(rotary) has the following capabilities: 
frequency range—l to 100 cps within 
plus or minus 0.5 percent; amplitude—0 
to plus or minus 3 deg peak; harmonic 
content—less than 0.5 percent; and 
inertial capacity—to 12 Ib-in2. 

Other equipment assists in obtaining 
accurate frequency response data. A 
microsyn mounted on the oscillating 


FIG. 14. Three main 
units of signal generator. 





table provides a direct measure of table 
position vs. time; it prevents phase and 
amplitude errors from desired table mo- 
tion to actual table motion. A synchro 
connected to the table rotates one revo- 
lution for each cycle of table oscillation, 
and feeds a stationary synchro in the 
control console. By varying the posi- 
tion of the rotor of the stationary syn- 
chro (using a calibrated dial on the 
control console) modulation phase can 
be accurately set. This phase can be 
used to measure the relative phase shift 
between microsyn output (table posi- 
tion) and the output of the test item. 





FIG. 10. Solartron signal generator. 












output load, and to simulate many types 
of input motions. Synchronized elec- 
trical signals are available as 2-deg pulses 
every 90 deg, and as the output of a 
sinusoidal potentiometer. 

Generator characteristics are as fol- 
lows: frequency range—0.02 to 20 cps; 
amplitude—0 to 1 in.; maximum load— 
5 Ib; zero position adjustment—0 to 1 
in.; oscillation amplitude adjustment—to 
0.01 in.; and oscillation zero-position ad- 
justment—to 0.001 in. 








FIG 





13. Control console. 
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4 Modern Control Systems 
for the Steel Industry 


Progress In Control 


Two objectives—increased production rates with cor- 
responding improvement in product quality, and re- 
duced operating costs—have prompted a continual 
upgrading of control equipment designed for the steel 
industry. The desire for more inclusive control systems 
has greatly accelerated the demand for new control 
components and techniques. Figure 1 summarizes the 
progress that has taken place, illustrating the various 
types of control systems and the approximate date of 
introduction to the steel industry. 

Earlier manual and magnetic control systems have 
been superseded by the latest feedback control systems. 
Simultaneously, the type of components used in these 
systems has changed. The electromechanical and elec- 
tronic amplifiers have been replaced by rotating ampli- 
fiers. And more recently, magnetic amplifiers and 
transistors have been introduced to supplement the char- 
acteristics of the earlier units. 

Today the scope of control systems is expanding. Here 
are four modern ones that perform additional functions: 

Static Control Systems 
Data Logging Systems 
Program Control Systems 
Director Systems 


P. A. TRAVISANO, General Electric Co. 





FIG. 1 


1. Static Control Systems 


Using a multifunction static switching unit, like the 
one shown in Figure 2, static control systems lend them- 
selves to steel industry control. In one significant appli- 
cation—a new reversing blooming and slabbing mill 
that ultimately will produce 5 million ingot tons per 
year—static switching units replace all of the relays pre- 
viously operated during each mill reversal. 

The mill consists of a 12,000-hp dc twin-drive motor 
for the horizontal work rolls and a 4,000-hp de drive 
motor for the vertical edger rolls. The combination 
magnetic amplifier amplidyne control system (Figure 3) 
can reverse such drives from base speed forward to base 
speed reverse in approximately 1 sec. 

Major units in the control system: 1) a voltage regu- 
lator for the main generator, using the generator exciter, 
and 2) a motor field regulator for the main motor, using 
the motor exciter. To regulate acceleration and decelera- 
tion at a constant rate, the voltage loop uses the rate of 
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Electrical 
AAwart 


change of generator voltage. Thus, the speed of the drive 
can be changed either quickly or slowly but always at a 
linear rate of change of speed—minimizing transient 
shocks to the drive machinery. 

The motor field loop regulates motor field current 
during steady state conditions and regulates the rate 
of change of motor field flux during transient conditions. 
This means more accurate control of motor speed in the 
weak field range and reduction of the forcing level of the 
excitation system. 

It is anticipated that the static units will eliminate 
millions of relay operations and save the corresponding 
costs in maintenance and inspection. One of the unique 
features of this equipment is a transistor switching unit 
to provide an isolated output for opening and closing 
the various regulator field circuits. 

The control panel is shown in Figure 4. Experience 
with static units indicated that panel designs could be 
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FIG. 3. Combination magnetic amplifier 
amplidyne control system. Major compo- 
ments: generator (G), generator exciter 
(GE), main motor (M), motor exciter 
(ME). 








FIG. 4. Control panel. Static switching units are located on the 
recessed panel in the center of the lineup. The enclosed, slightly 
protruding panels are functionally subdivided and contain all the 


FIG. 5. Compatable relay and amplifier units. At left, an encapsu- 
lated relay, with monitor light, for a static switch unit. In the cen- 
ter, a transistorized ac amplifier unit for a hot metal detector. At 





regulating circuit components and instrumentation. 


considerably improved if some of the other devices used 
in conjunction with the basic static switching units 
were made both electrically and mechanically compati- 
ble. Figure 5 shows some of these devices. 

Modules can be plugged into the standard static 
switching bus strip. ‘.... jack-plugs on the front of the 
units are used for maintenance testing. Like units are 
interchangeable. 


right, a transistorized dc amplifier unit for program control. 


Static switching is not considered to be a “‘cure all”. 
However, it is extremely useful where frequent or con- 
tinuous operations are needed, or where complex 
sequencing or adverse atmosphere conditions exist. 
Static switching is being used to replace such compo- 
nents as stepping switches, counters and shift registers. 
All are required for the program control and director 
systems now being installed in the steel industry. 


2. Data Logging Systems 


A data logger—currently one is being installed on a 
tandem cold reduction mill—will collect mill operation 
data for each coil of steel processed. Reproduced at four 
remote typewriters located throughout the plant, this 
data is used to generate punched cards for payroll and 
warehousing. 

The mill, which utilizes a total of 20,000-hp de main 
drive motors to reduce the steel to tinplate thickness, is 
regulated to automatically hold gage while rolling steel 
at 7,000 fpm. Shown in Figure 6 is a simplified block 
diagram. The existing control includes two regulating 
loops—the inside loop acts as a coarse regulator, uses 
such electrical signals as volts and amps, while the out- 
side loop acts as a vernier and is related directly to strip 


tmont reachec the “farward-cneednn”’ detector—a detec. 


thickness. An overall computer study was performed so 
that both loops could be closed simultaneously without 
producing interactions which could not be stabilized. 

Added to the existing control, the data logger pro- 
duces a punched paper tape for each coil of steel. Its im- 
mediate typewritten production report covers: coil iden- 
tification, mill operator and shift number, starting time, 
lengths at which the strip transfers from “on” to “off” 
to “on” gage, mill delay times and reasons, finish time, 
finish length, and total finished coil weight. 

In addition, the system receives preset information on 
punched cards for each coil to be rolled and transmits 
this data to the automatic gage control to program the 
thickness settings for stand No. 1 and stand No. 4. 
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ciated brakes when no error signals exist and the screws 
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FIG. 7. Layout of data logger system. Steel in large coils received from 
the coil conveyor is reduced in thickness as it passes through the four 


stands and is recoiled on the reel. Then it is weighed on the scale, and 
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FIG. 6. Block diagram of control. 


FIG. 8. Operator's console. Digital time 
and date indicator panels supply the time 
correspondence for rolling operations. Op- 
erator's panel I —— the input units 
for recording and establishing the reason 
for mill delay. Operator's panel II con- 
tains circuitry to identify the mill operator 
and shift number. 


\ 


Compensation is provided for the rolling tolerances, 
tension limits, and appropriate material composition. 
Because of the adverse steel mill atmosphere, an ait 
conditioned control room has been constructed for the 
data system operator in the mill area (Figure 7). The 
console for the operator (Figure 8) includes a typewriter, 
card reader and tape handling equipment, and the nec- 
essary control sequencing and distributing devices. 
More extensive data logging equipment is being sup- 
plied for the automatic inspection of “in-process”’ steel 
as it is being plated on the high-speed tinning lines. 
The continuous steel strip is automatically classified as 


delivered to the subsequent processing operations. Two closed-circuit TV 
cameras give the operator a view of both input and exit ends of the mill. 


Digital time and date 


indicator panel Operators panel I 


Operators panel I 





Cord reader 


Utility drawers 


Tape handling equipment 


inside Interconnections terminal boards inside 


being either prime, second, or waste material. To make 
such a system feasible, it was necessary to develop the 
appropriate sensors—pin-hole detectors, x-ray and plating 
thickness gages, and surface inspection equipment for 
detecting whether any blemishes or flaws exist on the 
surface of the moving strip. 

Similar equipment can be—and is being—applied to 
a hot strip mill. Progress in the basic metal area of the 
steel plant is also under way, but speed of development 
has been retarded by the lack of necessary sensors for de- 
termining key variables such as the composition of the 
“in-process” materials. 


3. Program Control Systems 


The first card program control system in the steel 
industry, installed on a reversing roughing mill in 1956, 
automatically positions the horizontal work rolls as the 
ingot is reduced during each of the rolling passes. The 
latest equipment, however, will perform all the neces- 
sary mill setup functions. It will perform horizontal 
and vertical roll and side-guard positioning, determine 
forward or reverse direction, and provide proper speed 
relationships of the mill and the auxiliary drives. A card 
for such control is shown in Figure 9. 
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Two advantages result from program control: 1) pro- 
duction is increased by reduced setup time, and 2) a 
more uniform product is obtained by programming the 
habits of the best operator. 

Here is how the control works on a reversing mill, 
Figure 10. After an operator brings an ingot on the 
Run-in Table, he pushes a button to cause the first pass 
information to be read from the card. This information 
will position the rolls to the desired position: the mill 
then automatically starts forward at slow speed. As the 





Row material feeders 


$$ 





Hot fines 


Coil conveyor 


ingot reaches the “forward-speedup” detector—a detec- 
tor using a solid-state photo-voltaic cell to sense the in- 
frared emission from the incandescent ingot—the mill 
will accelerate to the programmed speed. When the 
“trailing edge” of the ingot leaves the “forward slow- 
down” detector, the mill automatically decelerates, and 
as the “trailing edge” passes the “forward-stop” detec- 
tor, the ingot is immediately stopped on the far side of 
the mill. 

The next pass information is then read from the card 
to position the work rolls, and the mill starts in the 
reverse direction under the control of the “reverse” 
directors. 

For position control, the mill uses a 400-cycle synchro 
system (Figure 11). The position code converter (A) 
converts the binary-coded card reader signal to the deci- 
mal equivalent. The synchro comparator (B) produces 
a signal proportional to the difference between the de- 
sired and the actual roll position. This signal is ampli- 
fied by error amplifier (C) and the output amplifier (E) 
to supply excitation for the magnetic amplifier ampli- 
dyne adjustable voltage screwdown control. The null 
sensor (D) disconnects this excitation and sets the asso- 
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FIG. 11. Program control system. 


Additional instructions 


ciated brakes when no error signals exist and the screws 
have reached the final position. Built-in test equipment 
was incorporated with the Reference Test (F) to check 
circuit continuity of (A) and (B), and with the Ampli- 
fier Test (G) to provide test signals for (C), (D), 
and (E). 

The equipment is fully transistorized and uses static 
switching devices where possible. It has been section- 
alized both electrically and mechanically to simplify 
maintenance. Figure 12 illustrates the functional panel 
arrangement. 

A much larger program control panel, approximately 
100 ft long, is now being installed on a completely 
automatic structural mill—the most extensive program 
control supplied to-date to the steel industry. In ad- 
dition to individually programming each stand of this 
multi-stand mill, the equipment will automatically 
manipulate and transfer the metal from stand to stand 
until the finished product is obtained. Input signals are 
received from three static card readers and are chan- 
neled by the three program control centers to the 
sequencing and regulating control panels (approximately 
1,000 ft long) for the numerous motor drives involved. 


FIG. 9. Punched card for 
program control. 
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FIG. 10. Layout of detecting units for 
automatic operation of reversing mill, 


FIG. 12. Control panel. Each section coincides with the 
corresponding electrical block and can be easily removed 
by disconnecting plugs to reduce mill down-time periods. 
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FIG. 14. Director control system 
for sintering machine. 


FIG, 15. Packaged 


control panels. 


FIG. 13. 
The sintering process. 
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4, Director S ‘ystems 


An all-inclusive director system is one that simul- 
taneously collects the process information to provide 
command signals by computing the optimum sequenc- 
ing of events froin relationships of the process variables. 
One limiting factor usually turns out to be a lack of 
sufficient knowledge of these relationships. 

A limited director system for a sintering process con- 
trolled the production of the sintered ore by regulating 
the “burn-through point” or the point where complete 
combustion of the ore occurs in the sinter machine (Fig- 
ure 13). Machine efficiency was optimized by calculat- 
ing, with a computer, the amount of material feed rate 
from the “mixer” necessary to delay the “burn-through 
point” until just before the sinter left the machine. 

If complete combustion occurs too far toward the 
front, the machine is being used inefficiently. If it hap- 
pens too late, complete combustion of all the material 
may never actually occur. As the material feed rate is 
varied, feedback regulators adjust the speed of the raw 
material feeders supplying the machine to maintain 
a constant material level. 

Once the material feed rate has been set, it is neces- 


E volutionary Progress 


The pr toward a completely automated steel 
lant will be evolutionary—a step-by-step and process- 
y-process evolution. Each phase must he lanned so 

that each investment made in equipment will not only 
provide an immediate step forward but will also permit 
advancement toward more complete automation at a 
future date. The scope of the control systems supplied 
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sary to maintain the composition of the mix by regu- 
lating the exact flow rate of the ore, additive, and hot 
fines feeders. 

Figure 14 shows how the control system is operated 
from actual measures of weight, temperature, and time 
of the material being processed. Of course, before a 
complete director system can be supplied it will be nec- 
essary to directly sense the composition and the texture 
of the sinter product to automatically set machine 
speed, temperature, proportion by weight, process time, 
and other variables. These quantities are presently set 
by the operator because there are no suitable sensors. 

Sampling type regulators utilizing static switching 
units as interval timers were incorporated to adjust the 
various conveyor speeds. Packaged control panels (Fig- 
ure 15) provide power for the various motor drives. 
Each power supply consists of a number of drawout 
modular units with the necessary protective equipment 
and the proper combination of high voltage silicon recti- 
fier cells. A three-phase magnetic amplifier converts the 
incoming ac voltage to the proper de voltage level to 
control the speed of the de drive motors. 


to the steel industry is widening; the most effective con- 
trol system must utilize the very latest choice of circuits, 
components, and techniques. 

Data logging, program control, and director systems 
are heavily overlapped with the modernization that 
must also be made to the basic feedback contro] system 
to obtain optimum use of the process machinery. 
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USING K-CAPTURE X-RAYS 
to analyze products in the plant 


The K-capture process generates X-rays as a result of the radioactive decay 
of an isotope source. Physicists have known about this process for many 
years, but only within the recent past has the K-capture X-ray been used 
for analyzing liquid and gas streams in the plant. Author Beerbower first 
reviews ihe K-capture process, describes equipment design in detail, and 
discusses sampling considerations. He then shows how the equipment has 
been successfully used for measuring ammonium chloride content in scrub- 
bing tower wash water, and for determining calcium (sulfated ash) content 
in the manufacture of petroleum products. 


ALAN BEERBOWER 
Esso Research & Engineering Co. 


X-ray absorption determines the concentration of 
an element in a liquid according to atomic species, 
not, as is characteristic of lower-energy (radio 
through ultraviolet) radiations, according to atomic 
arrangement in molecules. The lack of mono- 
chromatic sources, which held back development of 
the X-ray absorption technique, has been partly over- 
come by the increasing availability of radioisotopes 
of suitable characteristics. The nonspecific nature 
of the method can be dealt with by limiting X-ray 
absorption to applications in which the process var- 
iables of composition fall within a known pattern. 
Fortunately, this includes the majority of cases; it 
is rare that a plant stream suffers from the presence 
of unexpected elements. The usual problem is one 
of determining the percentage of an element, or 
of a group of elements in fixed ratio, in the stream. 


The K-capture process 


At the present time, the K-capture process of 
radioactive decay seems best suited to in-plant an- 
alysis of liquids. (Bremsstrahlung radiation offers 
some interesting analysis possibilities.) The name 
K-capture as a source of X-radiation derives from the 
capture by the nucleus of one of the two innermost 
or K-shell electrons, resulting in transmutation of 
the atom into the next lower element in the periodic 
table. The empty space left by this electron is 
then filled by another electron, usually from the 
Lshell. The excess energy is radiated as the char- 
acteristic excitation of the new atom. The capture 
and radiation process is shown in Figure 1. The 
radiation thus produced is truly X-ray since it origi- 
nates in the electron shell. Gamma rays, which are 
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indistinguishable from X-rays except at the sources, 
originate in the nucleus. 

The X-ray produced by K-capture is essentially 
monochromatic. Actually, there are two compo- 
nents present, some of the empty spaces being filled 
from the M-shell. This produces K;, radiation, 
slightly more energetic than the K. from L-electrons 
but also less intense. For an iron 55 source, the K. 
accounts for 90 percent of the radiation. 

Underlying X-ray absorption analysis is the fact 
that the’ X-ray emitted by an element is strongly 
absorbed by the elements slightly below it in atomic 
number but only moderately absorbed by itself and 
the elements above it. This is the absorption edge 
effect. Thus, the radiation from iron 55, which is 
actually emitted by its decay product manganese 55, 
shows the mass absorption coefficients (u/p)_ illus- 
trated in Figure 2. The coefficient is part of the 
Beer-Lambert law of absorption: 

I/I, = @ ~(u/p)pze 
where J, sero 4 without the absorber 

» = linear absorption coefficient 

x = cell depth — 

c = concentration 

p = density 
The nature of the relationships shown in Figure 2 
makes it particularly easy to determine, for example, 
highly absorbing calcium in the presence of iron, 
nickel, or cobalt; or highly absorbing sulfur in the 
presence of carbon and hydrogen. 

While iron 55 is a good source of X-radiation for 
analyzing calcium and sulfur, its use (Figure 2 
again) results in a loss of sharpness of the absorp- 
tion edge at chromium, between vanadium and 
manganese. For pure K. iron 55 (2.10 Angstroms), 
the absorption at chromium would be 65, but the 
presence of 10 percent of the K, radiation (1.91 
Angstroms) causes a mixed ray with a resulting 
absorption at chromium of 100. 





Orbital 
electron 


os Fe? + 6° —>a5Mn*® 





Fe™ nucleus 


FIG. 1. Mechanism of K-capture. (Courtesy Tracerlab, Inc.) 


FIG. 2. Mass absorptivity 
of elements for iron 
55 K-capture X-ray. 


Figure 2 shows only the mass coefficient absorp- 
tion curve for an iron 55 radioactive source. Other 
isotopes, like those listed in the table, have similar 
curves but with the absorption edge displaced to 
the left or right according to atomic number of the 
particular isotope. Most of the isotopes in the table 
emit various amounts of gamma radiation (iron 55 
is often contaminated with iron 59 emitting gamma 
rays at 1.2 million electron volts) which can be 
discriminated out by means described later in one 
of the applications of K-capture radiation. 

The table shows that each isotope strongly absorbs 
a group of neighboring elements of atomic number 
lower than that of the source. Within this group, 
the specificity of analysis is low. However within 
source atomic numbers 19 through 30 there is con- 
siderable overlap in the strongly absorbing atomic 
numbers, which permits some choice of source used 
for determining a particular element. Furthermore, 
the overlap, plus the absorption edge effect, permits 
the development of an analyzer specific to one ele- 
ment. For instance, a specific analyzer for vanadium 
can be constructed using two sources, Mn 54 and 
Fe 55. Vanadium (atomic number 23) has mini- 
mum absorption for Mn 54, whose absorption edge 
is to the right of vanadium, while vanadium has 
maximum absorption for Fe 55, whose absorption 
edge is just to the left of vanadium (see Figure 2). 
An analyzer designed in this manner could scan 
the stream successively with two complete absorp- 
tion systems, and report the vanadium concentra- 
tion in terms of the difference in readings. 

The composition of the stream in regard to other 
constituents may or may not be important, depend- 
ing on the relation of the other elements to those 
being measured. Three cases are readily handled 
by K-capture X-rays: 

1. All elements except the measured variable have 


small mass absorption coefficients for the radiation 
used, 

2. There are elements of high absorption present, 
but their concentration is constant. 

3. Two or more strong absorbers vary in constant 
ratio; this complex is the variable to be measured. 

If none of these criteria is met, it is best to seek 
a method other than X-ray absorption. For exam- 
ple, the measurement of sulfur in the presence of 
a variable amount of lead has proved impractical, 
but at a shorter wavelength lead can be measured 
almost independently of sulfur. 


Equipment 


The only unit now available commercially (‘Tracer 
lab, Inc., Model PIP-4) is primarily designed for 
laboratory use; it is not rugged enough for the aver- 
age plant. That is why the problems encountered 
in using this instrument arose mainly in transferring 
it to a plant application. The source is iron 55 and 
the normal use is determining 0.05 to 2.7 percent 
sulfur content. There was also a question as to 
whether the source was sealed adequately for plant 
use. The cell was not equipped for continuous 
flow (though a continuous flow cell is now available) 


LONG-LIVED K-CAPTURE RADIOISOTOPES 
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and appeared to be unsuited for moderate pressures 
because of the thin beryllium windows; furthermore, 
a specific design for viscous materials was desired. 
Accordingly, a complete redesign was undertaken: 
the mechanical positioning arrangement used to 
compensate for isotope decay was eliminated in 
favor of electrical compensation; and certain fea- 
tures which made the laboratory instrument highly 
accurate but too cumbersome for a plant instrument 
were also eliminated. 

Figure 3 shows the modified unit, which features: 
good fluid flow in a straight path to provide rapid 
displacement of sample; ease of cleaning by flushing 
or disassembly; pressure tightness to 50 psig; extreme 
compactness; and inherent shielding so that no one 
can receive radiation without removing part of the 
equipment. 

These improvements were accomplished by com- 
bining the source holder, sample cell, and Geiger 
tube n.ounting into an integral sandwich of five 
layers of metal and plastic. The base plate serves 
as source holder and also as sample entrance and 
exit ports. Stainless steel is recommended for cor- 
rosive service. The source consists of irradiated 
(in a cyclotron or reactor) metallic iron plated on 
a copper disc % in. in diameter. It was sealed onto 
the plate and covered with polystyrene applied as 
semipolymer plus catalyst and hardened in place. 
This assembly withstood a leak test of boiling for 
one hour in } percent ethylene diamine tetra-acetic 
acid, during which time the solution picked up less 
than 0.05 microcurie of radioactivity. 

The cell is formed from plastic sheets. The first 
is Mylar, 7.5 mils thick, perforated for the sample 
inlet and outlet. The second is Lucite, ,4,-in. thick, 
slotted to form the sample chamber. This can be 
interchanged with chambers of other thicknesses for 
special purposes. A third Mylar sheet of 7.5 mils 
covers the cell. The cell volume is 0.34 cc. A cover 
plate of brass, y-in. thick, applies the pressure of 
the screws which hold the unit together. Finally, 
a threaded adapter permits screwing the Geiger tube 
(Tracerlab TGC-3) directly onto the blocks. 

Calibration of the commercial equipment is done 
in the following steps: 

1. Determine background radiation by filtering 
out X-rays with a thin copper sheet between sample 
cell and Geiger tube. This count rate, which in- 
cludes any gamma radiation from the source, is sub- 
tracted from all other readings. 


FIG. 3. Liquid cell construction. 


2. Put in the cell a sample free of the component 
to be determined but otherwise a complete product, 
and measure the radiation without the copper sheet. 
This count rate minus the background is plotted 
as 0 percent concentration on semi-log graph paper. 

3. Put a well-analyzed sample of known concen- 
tration of the plant stream in the cell and measure 
it. The reading minus background is plotted at 
the known percentage and a straight line drawn 
through the two points. 

This procedure can be substantially shortened by 
electrical techniques. A scintillation detector plus 
a single-channel pulse-height analyzer on the rate 
meter reduces the background to a negligible level 
compared to the normal output, and a logarithmic 
recorder gives a linear scale. Compensation for 
isotope decay with time is simply a matter of making 
a corresponding increase in recorder gain. After the 
slope is established, a single calibration, using either 
analyzed product or product free of the measured 
component, may be made, setting the recorder elec- 
trically to the correct reading. 

The unit just described in detail is designed to 
handle viscous liquid samples. For thin liquids, a 
simple modification of the PIP-4 in which a con- 
tinuous flow cell was used in place of the regular 
one has given satisfactory service in a pilot plant. 
A more specialized type, for gas streams, has a 2-in. 
cell depth for analysis of sulfur content in H,S. 
Various suppliers of commercial nucleonics equip- 
ment have expressed willingness to build special 
units to customers’ specifications. 


Sampling considerations 


The usual rules of continuous sampling must be 
followed. No special filtration problem exists; an 
occasional particle of foreign material merely causes 
a momentary increase in noise, which is already 
inherently high in this type of device. On the other 
hand, anything tending to plate out in the cell 
(such as oil drops) must be removed. The flow rate 
can be high, but any short-duration peaks in con- 
centration that may occur will be averaged out on 
the record, since the rate meter will normally have 
a time constant of about 10 sec (the time for a read- 
ing to decay to 1/e or 36.8 percent on cessation of 
the signal). This averaging effect is intimately 
connected with the statistical nature of radioactive 
decay, and is difficult to overcome. 

The standard deviation of the count rate is \/N 
where N is the number of counts arriving during 
a time constant interval T at an average count rate 
R. Hence: 


Coefficient of variation \/N/N = 1/VRT 
A coefficient of 1 percent would be desirable. This 
leads to T = 10,000/R. Thus, a count rate of 
60,000 counts per min would be required for a 10- 
sec time constant. The usual source of only 4 milli- 
curies supplies about 10,000 counts per min with 
the sample in the cell and so yields a usually accept: 





FIG. 4. Liquid cell installation. 


able coefficient of variation of 2.5 percent. In terms 
of concentration, which corresponds to the logarithm 
of the count rate, this is only plus or minus 0.05 
percent, or 1 percent of the average value of 5 per- 
cent of the measured element in a typical case. 

A smaller coefficient of variation is possible by 
using a stronger source to increase the count rate. 
(Using a more sensitive detector is not very helpful 
because detection is already quite efficient.) De- 
creasing sample cell length will also increase the 
count rate, but at a serious sacrifice in sensitivity. 
The optimum cell length is determined by the 
maximum signal/noise ratio (S/N = Al/Acv 1). 
It can be shown that this occurs at a transmission 
of 1/e? or 13.6 percent, based on the transmission 
of the fluid free from the measured element. The 
optimum cel] length is determined by setting the 
I/I, in the Beer-Lambert equation to 0.136 and 
solving for x. The cell length of 3% in. was selected 
on this basis; it gives 13.2 percent at standard con- 
ditions. A cell $ in. long on the same sample gave 
only about one-third the sensitivity. 

Since the time constant of the rate meter already 
limits the dynamic response of measurement, the 
sample flow rate should be fast enough so as not 
to add to these limitations. This means, for the 
system described, that the minimum sample flow 
rate is one cell change (0.34 cc) in 10 sec, or 0.034 
ce per sec. The minimum flow rate should, of 
course, be exceeded to make the sample cell time 
constant somewhat less than the rate meter time 
constant, and to minimize dead time in the line. 

The response to changes in concentration de- 
pends on the weight of active absorber per unit 
volume; therefore, changes in density due to sample 
pressure and temperature are significant. With 
liquid samples, the correction for thermal expansion 
of the cell and its contents amounts to about 1 per- 
cent (of the reading) per 9 deg F change, an indi- 
cation of the extent of temperature control required 
to stay within the limits already imposed. The cells 
themselves are pressure-sensitive, due to the thin 
windows employed. The liquid sample pressure 
should not vary more than plus or minus 5 psi. The 
gas cell mentioned previously is extremely pressure- 


sensitive, and is controlled to plus or minus | mm 
of mercury. 


Plant applications of K-capture X-ray 


The redesigned liquid cell described above has 
been used in three cases calling for continuous 
analysis. One of the cases involved a lubricant con- 
sisting of a fluid dispersion of a calcium soap in SAE 
40 oil. Control was by the sulfated ash content, 
a measure of the product’s calcium content. The 
absorptive elements, calcium and oxygen, were in 
fixed ratio to each other, while sulfur content was 
constant for a given shipment of oil. This product 
is made continuously in a proportioning system. 
Sample flow through the cell, using a small metering 
pump delivering at a constant pressure of 4 psi, was 
at the rate of 25 grams per min. Temperature was 
controlled to 135 plus or minus 5 deg F. A TGC-3 
Geiger counter, connected to a rate meter, was 
mounted as shown in Figure 4, with a recorder 
coupled to the output through a potentiometer. 

Weekly calibration consisted of determining a 
blank reading on the SAE 40 oil to eliminate the 
effects of changing sulfur content, Geiger tube sen- 
sitivity, and source decay. This reading (about 
45,000 cpm) was used to set the recorder at a “set- 
point” with an 0.1 multiplication factor. The actual 
sulfated ash content of the lubricant was then read 
off a special scale, which takes into account the 
essentially constant gamma-ray background noise of 
600 cpm. The calibration curve from which the 
scale was derived is based on the results obtained in 
triplicate chemical analyses. In general, these plant 
instrument readings were more accurate than single 
laboratory determinations. An alarm system indi- 
cated deviations from the specified ash content. 

Another application involved monitoring the wash 
water that removed ammonium chloride accumula- 
tions from the bubble cap section of a scrubber 
tower. At the start of the wash, the water had a 
concentration of about 6 percent of ammonium 
chloride, which in a few hours dropped to less than 
0.1 percent. When the ammonium chloride con 
tent dropped below a predetermined concentration, 
the washing operation was stopped; this increased 
tower operation efficiency and saved the cost of 
wash water. 

The cell with a }-in-long path was used because 
of the high absorption of the oxygen in the water. 
The calibration was made with pure water and by 
reading percent NH,C] off a calibration chart from 
the percent transmission, It is necessary in this 
application to separate thoroughly any oil from the 
sample water stream; otherwise oil drops will cause 
serious interference due to their higher transmission 
of X-rays. This made a large settling vessel in the 
stream and continuous oil removal necessary. Even 
with this precaution it was found that oil presented 
a serious problem and filtration was required to 
provide continuous monitoring. 
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ACCESSORIES 


FOR AIR AND SPACE 





F-108, NUCLEAR TURBOJET, AND RAMJET PROJECTS OFFER CHALLENGING OPPORTUNITIES 
TO PROFESSIONAL ENGINEERS AND SCIENTISTS 


Advanced projects for air and space operations 
now underway in the Controls and Accessories 
Division at Marquardt Aircraft offer engineers and 
scientists challenging opportunities in a variety of 
technical areas, Here, where we are dealing with 
development problems on high-performance 
systems with stringent design and reliability re- 
quirements, professional engineers will find real 
challenge and opportunity for accomplishment. 

Project personnel are currently working in such 
areas as the engine control system for the G-E 
nuclear turbojet; inlet control systems for the 
McDonnell F-4H, North American F-108 and the 
North American Hound Dog missile; the fuel con- 
trol system for the supersonic Bomarc’s ramjet 


engine; auxiliary power systems, pumps, and actu- 
ators; and are developing a unique and advanced 
space power unit. 


C & A Division activities range in scope from pre- 
liminary design through final production. 
Professional engineers and scientists capable of 
making contributions in these and related areas are 
invited to investigate the employment opportu- 
nities at Marquardt. You will find a combination 
of significant, active projects and a lively interest 
in new ideas, creating an environment for profes- 
sional growth. May I suggest you write Mr. Floyd 
Hargiss, Professional Personnel Department, 
16557 Saticoy Street, Van Nuys, California? 

Roy E. Marquardt, President 











C & A Division engineers made many contributions 
to the “‘state of the art’ when they developed the 
fuel control system for the supersonic ramjet engine. 


Y 
A Marquardt 


AIRCRAFT CO. 


VAN NUYS AND POMONA, CALIFORN/A-OGOEN, UTAH 





Sh ... SYNONYM for 
PRECISION in TIMING 


For timing requirements in research, testing or produc- 
tion...if the need for precision is paramount... the 
choice is STANDARD. 

Recognized as THE criterion by which other timers 
are judged (and calibrated), STANDARD Elapsed 
Time Indicators are noted for their long life under con- 
tinuous use. 

Large enough to work with handily and read readily, 
STANDARD timers are electric clutch controlled by 
manual or automatic switch or by electric circuits or 
output of electronic tubes. Units are synchronous motor 
driven . . . available for flush panel mounting or portable 
use ... equipped for manual or electric zero reset. 





For ultra precision timing with AC current, 
models available for 400 CPS operation. Also 
available: 400 CPS power supply operating from 
DC source. 





SCALE 
DIVISIONS TOTALIZES ACCURACY 





1/5 sec. 6000 sec. 
1/5 sec. 60 min. 
1/100 min. 60 min. 
Request descriptive Catalog 1/10 sec. 1000 sec. 
No. 198 S-6 1/1000 min. 10 min. 
S-1 1/100 sec. 60 sec. 
MST 1/1000 sec. -360 sec. 
MST-500 1/1000 sec. 30 sec. 
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Logical Control of Sampling 


Saves Computing ‘Time 


DAVID HAMMEL 
Radio Corp. of America 


Many of the systems now in use for 
sampling system variables, both mili- 
tary and industrial, suffer badly from 
inflexibility. A need exists for a way to 
note that a certain data source is in- 
active and that its sampling could be 
skipped with no loss of information. 
Time could be saved if many skips 
are encountered, provided that the in- 
terrogation rate, to sample or not to 
sample, is very fast compared to the 
trate determined by the minimum time 
needed for sampling. 

A system incorporating these fea- 
tures has been operating for more 
than a year in a large-scale check-out 
system for a missile guidance radar 
network. The sampled data in this 
case are to be recorded, and subse- 
quent computer time is saved by first 
reading all data sources to be sampled 
simultaneously into storage registers, 
Figure 1. Thus, all samples in a given 
sampling cycle are referred to the 
same time base, and the computer 
need not interpolate the information 
it receives. This can save as much as 
i5 percent of the overall computing 
time. The sampling instant is con- 
trolled by a read pulse generated at 
the beginning of each sampling cycle. 

The sampling control unit is shown 
in the block diagram of Figure 2. The 
program counter cycles through n 
outputs, each output representing one 
of n system variables, called “items”, 
being considered for sampling. The 
counter is stepped either by an ex- 
ternal source of periodic pulses or by 
skip pulses generated within the sam- 
pling control unit. In each period p 
of the external stepping pulses, there 
is one execution of the intended out- 
put function for the radar application 
(recording of the sample). This 
period p must be made long enough 
to execute the longest output func- 
tion, and yet short enough to satisfy 
the minimum cyclic rate for the sam- 
pling. For example, if the minimum 
time to record a sample is 1 millisec 
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FIG. 1. All data sources are read simultaneously into 
storage registers, then sampled into permanent tape store. 
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FIG. 2. Sampling control unit takes p sec to record one data 
item and make maximum number of skips at 1/A pps. Complete 
sampling cycle takes only 3p sec if three items are assigned. 


and the minimum sampling rate of 13 
system variables is 10 samples per sec, 
then 1 S p = 7.69 millisec. 

Each item line from the program 
converter alerts its information storage 
register in the event that it is selected 
to perform the output function. Each 
item line also feeds the item identity 
coder and addresses a skip gate in 
the skip circuits. 

In the radar check-out system, as- 
sume that there are four radars, and 
that the three variables of elevation, 
azimuth, and range must be sampled 
from each of them. If radar 1, say, is 


inoperative because it is on standby 
or is mulfunctioning, its data need not 
be recorded. Radar 1 is thus not as- 
signed for recording, and will not pro- 
duce the assignment signal needed 
to block the next skip pulse. The 
counter will then skip to item line 4. 

The complete skipping process goes 
as follows: the skip pulse is first gen- 
erated by transmitting the external 
stepping pulse through the A-second 
delay line. This skip pulse is then fed 
to all the skip gates in parallel. 
Though many skip gates may have per- 
missive control signals due to unas- 
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Sola Constant Voltage Filament Transformer is an integral part of this Electro- 
Pulse, Inc. Megacycle Pulse Code Generator. It provides regulated filament 
voltage for reliable operation of the equipment and for full life of its electron tubes, 


Sola transformer regulates filament voltage 


within +1%——protects tubes from 
inrush currents and line transients 


Fluctuations in supply voltage for electron tube fila- 
ments can be costly . . . in shortened tube life . . . in 
substandard performance . . . in equipment downtime. 
Electro-Pulse, Inc. solved its filament voltage problems 
through this straightforward approach: the company’s 
Megacycle Pulse Code Generator includes a Sola 
Constant Voltage Filament Transformer built-in as 
part of its power supply. 


This versatile unit does the step-down job of a con- 
ventional transformer and it also regulates the filament 
supply — a task that ordinary filament transformers 
don’t pretend to do. Filament voltages are stabilized to 
within +1% even with line voltage variations as great 
as +15%. Its current-limiting characteristic protects 
tubes from cold inrush currents upon starting—as well 
as from line transients. It is a simple, reliable static- 


magnetic regulator with automatic and virtually instan- 
taneous action. Variations in input voltage are usually 
corrected within 1.5 cycles. There are no tubes or mov- 
ing parts, and no manual adjustment or maintenance 
is necessary. 


The filament voltage regulator illustrated is only one 
of a complete line of Sola Constant Voltage Transform- 
ers having wide application in electrical and electronic 
devices. They include such special types as harmonic- 
free, plate-filament, and adjustable output units—all 
provide the benefits of regulated input voltage. More 
than 40 ratings of these compact, economical regulators 
are available from stock, and Sola manufactures cus- 
tom-designed units (in production quantities) to meet 
special needs. 


For complete data write for Bulletin 26C-CVF-269 
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s in principal cities © In Canada, Sola Electric (Cana 


da) Ltd., 24 Canmotor Ave., Toronto 18, Ont. 
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Read pulse 
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Psec —--- Psec —-- 


P sec + Psec —| 


FIG. 3. Typical timing pattern for program counter (see text). 


signed items, the skip pulse is only 
able to gate through the one that is 
addressed by its item line—and that 
gate must receive no item assignment 
signal. If the skip pulse is gated 
through, it is ae | by the block- 
ing oscillator and sent to step the pro- 
gram counter to the next item line in 
the sequence. This stepping pulse in 
turn generates another ‘Kip pulse. In 


this way it is possible to skip any 
number of item lines in succession un- 
til one is reached that is assigned. 
The A delay should be extremely 
short compared to the period p, to 
make available as much of the period 
p as possible for the execution of the 
output function. Thus, the delay line 
should be as short as possible con- 
sistent with proper circuit behavior. 


To start the output function, (i.¢., 
record an assigned sample) one prac- 
tical scheme would be to delay it al- 
ways for n A sec, to make the maxi- 
mum number of skips in succession. 
In a second scheme, the skip pulses 
would set a retriggerable one-shot 
multivibrator whose period is slightly 
greater than one skip period. en 
the multivibrator could recover only 
at the end of a series of skip pulses, 
that is, after an item line is properly 
selected. Differentiation of the multi- 
vibrator output produces a pulse of the 
correct polarity every time the multi- 
vibrator recovers, and this is a satis- 
factory start-output-function pulse. 

The timing pattern in Figure 3 
shows all the pulses in one sampling 
cycle when only radar 2 of four radars 
is assigned. The read pulse at item 
line zero causes all data sources to be 
read into the information storage reg- 
isters, while p sec are taken to record 
the time of sampling. All samples in 
the cycle are referenced to this time. 


Force Balance Computes F-104A’s Speed 


The unique trigonometric 
force-balance mechanism that 
computes Mach number in the 
F-104A’s new air data com- 
puter is also used as the alti- 
meter. The switch is made by 
substituting a pre-loaded 
spring for the differential pres- 
sure bellows. The technique is 
applicable in any aircraft. 


In the air data computer for the 
Lockheed F-104A Starfighter, Mach 
number is computed by a new type of 
force-balance sensor. Figure 1 illus- 
trates the operating principle. 

The sensor is enclosed in a case into 
which static pressure is admitted. The 
force plate is mounted in precision 
bearings, and is free to pivot dont the 
sensitive axis. Rotations about this 
axis are sensed by a proportional pick- 
off of the E-core type. The differen- 
tial pressure bellows is fixed at one 
end to the instrument case, and at the 
other end to the force plate. The 
whole assembly is then statically bal- 
anced about the sensitive axis. 

A servomotor drives the output 


LEONARD KENDY, US. Science Corp. 


shaft, which in turn rotates the 
bellcrank assembly. This assembly 
consists of a base plate and a bearing- 
mounted rocker arm, with an evacu- 
ated bellows fixed at one end to the 
base plate and at the other end to 
one side of the rocker arm. The other 
side of the rocker arm carries a pre- 
loaded ball bearing which presses 
against the force plate. The bellcrank 


Force plate 


E-core pickoff 
Rotating belicrank assembly 


Evacuated bellows 
Area Ag 


FIG. 1. 


assembly is also statically balanced. 

In operation, each bellows produces 
a torque about the sensitive axis. If 
the algebraic sum of the applied 
torques is not zero, the force plate 
will rotate, causing the pickoff to pro- 
duce an error voltage. This voltage is 
amplified and eine to the control 
phase of a servomotor which rotatcs 
the bellcrank assembly until torque 


Py Differential pressure 
bellows 
Area Ay 


Balance weight 


Sensitive axis 


At balance: 
PSA, tr (1-cos 6) =(P,-P.)Ayc 


Mach number sensor. Static pressure acts on outside of both bellows. 
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fourth ina series THE DIVISIONS OF THOMPSON RAMO 


id-propeliant Titanium missile 
pressure vessel 


auxiliary power unit 


aaa oll Lt SE 


Combination main and 
after-burner fuel pump 


100 MILLION JET ENGINE BLADES 


1.1 MILLION AIRCRAFT AND MISSILE FUEL PUMPS 


APU’S FOR 6 DIFFERENT MISSILES 


4 


TAPCO GROUP 


These are some of the products of the 
Tapco Group of Thompson Ramo Wool- 
dridge Inc. With $150,000,000 of high- 
efficiency production facilities, Tapco is 
one of the nation’s leaders in the develop- 
ment and manufacture of mechanical 
systems, equipment, and components that 
must meet stringent performance specifi- 
cations under extreme conditions of 
temperature, corrosion, and stress. 
Through its metallurgical and chemical 
laboratories, Tapco continually extends its 
capabilities in the technology of high-tem- 
perature alloys, powder metallurgy, 
cermets, ceramics, and other materials. 
Tapco was one of the principal pioneers 
in the fabrication of titanium, and is cur- 


ZL“ Thompson Ramo Wooldridge Ine. 


MAIN OFFICES 
CLEVELAND 17, OHIO 
LOS ANGELES 45, CALIFORNIA 
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rently engaged, in cooperation with E. I. 
du Pont de Nemours & Co., in the devel- 
opment of manufacturing techniques to 
handle niobium and its alloys. 

In product design and development, 
Tarco’s 500-man engineering team is 
experienced in a wide range of specialties, 
including hydraulics, aerodynamics, elec- 
tronics, pneumatics, thermodynamics, and 
nucleonics. 

Aircraft and missile technology increas- 
ingly demands mechanical systems, equip- 
ment, and components that can meet 
uncommon requirements of precision, 
strength, and reliability under the most 
severe environmental conditions. The com- 
bination of engineering, metallurgical and 
manufacturing competence represented in 
the $160,000,000 per year activities of the 
Tapco Group provides an integrated capa- 
bility of unusual effectiveness for the 
design and manufacture of such products. 
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WOOLDRIDGE INC. 


Coaxial 
switch 


Four-stage 
turbine wheel 


100,000 rpm turbine- 
driven alternator 


Bere rte es 


Missile gyro 
ground test unit 


Jet engine 
case assembly 














IDEAS AT WORK 


FIG. 2. Relationship between shaft 
rotation and Mach number for two 


(1-cos 6) mechanization different types of Mach sensors. 


@ 
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FIG. 3. Error between (l-cos @) curve 
and true linear output is added to Mach 
sensor shaft by a cam and differential. 
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equilibrium is reached. This mechan- 
ization produces the equilibrium: 


(Pe Pu) 
Pu 


=K(1—cos@) (1) 


The scale factor K is selected so that 
6 = 120 deg at Mach = 2.5. Since 
the scale factor is the product of sev- 
eral parameters, 


a A,ar_ 
k= A,cb (2) 


it is not necessary to match bellows 
areas or hold tight machining toler- 
ances to control its value. The mo- 
ment arm c of the differential pres- 
sure bellows is adjustable, and by 
moving this bellows, the entire toler- 
ance accumulation can be removed. 
Similarly, bellows free-length and 
rocker-arm-length adjustments are pro- 
vided to trim out other parameters. 
The curves of Figure 2 show that 
primary reason for selecting the 
(l-cos @) mechanization is that the 
shaft rotation vs. Mach number is 
more nearly linear than the tangent 
mechanization. There are two other 
important features of this approach: 

@ the Mach function is developed 
over 120 deg of shaft rotation, yielding 
improved resolution, while gear back- 
lash tolerances can be relaxed. 

@ the sensor can be scaled for any 
Mach range from subsonic to over 
Mach 5.0, while still retaining the 
nearly linear output, by adjusting the 
moment arm of the differential pres- 
sure bellows. 

As Figure 3 illustrates, the servo- 


motor drives a gear and a cam in the 
process of balancing the sensor. The 
gear drives one side of a mechanical 
differential; the other side is driven by 
the output of the cam. The algebraic 
sum of these rotations positions the 
6 shaft. The direct drive is linear with 
true Mach number, and the cam 
makes up the difference between the 
actual function and the linear func- 
tion. The maximum value of this dif- 
ference is about 8 percent of full scale, 
so the required cam contributes only a 








Motor 
ond 
gears 








! 





Output 
devices 











mild correction, and tight machining 
tolerances are not needed. 

This Mach number computer has 
proved its ruggedness and reliability 
by accumulating over 500 hours of 
operation without shifting its calibra- 
tion curve. Testing included runs at 
minus 55 deg C, plus 71 deg C, and 
shock tests. The Mach operating range 
is M = 0.2 to 2.5 from sea level to 
80,000 ft. The accuracy is 5 milli- 
Machs or 4 percent, whichever is 
greater. Figure 4 shows this unit. 


FIG. 4. Mach number computer. 
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‘We insist on the Philbrick amplifier PHILBRICK OPERATIONAL AMPLIFIER ...USA-3 


More performance per dollar than any other amplifier. 
Si or our new package,” Says Philbrick Highly reliable — no electrolytic capacitors or glow tubes. 


° Designed to prevent self-destruction even when the output 
HERE’S PHILBRICK ON PHILBRICK MEL II VOC. Wide requeny range—-DC to 10ke (atten 
“We use only the finest components in for Pt 26" printed ceatt boerd mounts 
our products. That’s why we insisted ririeanne: <> ems = 
on Philbrick’s new USA-3 Operational 

Amplifier as a sub-assembly for our new 

Analog Package, the UPA-2. We have 

found it (the USA-3) nifty and thrifty. 

We recommend it without reservation. 

And that goes for the UPA-2 — too.” 





PHILBRICK UTILITY PACKAGED AMPLIFIER .. . UPA-2 


Combines new level of flexibility and convenience. Perform- 
ance characteristics same as the USA-3 amplifier, the heart 
of this package. Can drive 12,000 ohm load to 100 volts in 
either direction. Designed for 342” rack mounting but can be 
used equally well as a bench amplifier, or plug-in assembly 
without modification. Use it for analog computing, measure- 
ment and control, continuous data reduction, - 

and many other feedback operations Price $149. 


Write for technical literature and advice on your 
application. 


The analog way 1s the model way .... . . GEORGE A. PHILBRICK RESEARCHES, INC. 


285H Columbus Ave., Boston 16, Massachusetts 


CONTROL ENGINEERING CIRCLE 92 ON READER-SERVICE CARD 





Cross-Interlocking Clamps 
Protects Machine Tool 


THOMAS CAMERON 
Sundstrand Machine Tool Co. 


The workpiece holding fixture in a 
machine tool must be clamped solidly 
during machining and must be prop- 
erly released at the end of the ma- 
chining period. In Figure 1, LS-1 in- 
dicates the unclamped position and 
may be used to start a reloading se- 
quence. Very often the workpiece is 
a rough casting with wide variations in 
the dimensions to be clamped. With 
the largest workpiece expected placed 
in the fixture, LS-2 is adjusted to op- 
erate on the clamping stroke just 
before the clamps touch the part; it 
will then operate throughout the range 
of part sizes. However, LS-2 alone 


does not indicate that pressure is ap- 
plied to the part or that a small part 
is actually clamped. 

The pressure switch operates on 
rising pressure to indicate that pres- 
sure is being applied to the clamps, 
and also protects against hydraulic 
failures. But since it could close be- 
cause of a pressure surge at the start of 
clamping or because of | sticking 
clamps, LS-2 is used with it for a re- 
liable indication. 

In Figure 2, CR-1 indicates that 
the fixture is unclamped. CR-2 gives 
the clamped indication. Cross-inter- 
locking of LS-1 and LS-2 gives protec- 
tion against switch failure, particularly 
sticking of the operating mechanism. 
The machine is stopped before the 
false indication can cause damage. 
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Tube Lengths Recorded Automatically 


Datex Corp. has designed and in- 
stalled a linear encoding system for 
Pacific Tube Co. that simplifies and 
makes more accurate the recording of 
stainless-steel tube-length measure- 
ments. Before installation of the 
unique system, two men stretched the 
tape along the tube to measure its 
length, a third man wrote down the 
lengths which were called out and a 
fourth typed out the written notes. 

Now the bale of tubing to be meas- 
ured is simply rolled out in a single 
layer on an inspection table and 
butted against an end-stop. The op- 


erator, who is also the visual inspector, 
places the end of a small control han- 
dle against the other end of the tub- 
ing, and presses the “record” button 
on the handle; instantly, the length is 
recorded in feet and inches on an 
automatic typewriter in the office. The 
total length in a bale or shipment is 
just as quickly obtained by pressing a 
“total” button. 

The hand grip is attached to 104 ft 
of aircraft control cable, which is 
reeled on an aluminum drum exactly 
2 ft in circumference. The drum is 
geared 5:1 to the encoder assemblv, 


which converts its rotation into feet 
and inches in the form of a nonambig- 
uous digital coded output. A takeup 
motor in the encoder assembly keeps 
the cable under a tension of 5 Ib. 

The new system can measure and 
automatically record any linear length 
from zero to 100 ft in l-in. inere- 
ments, within 0.5 in. Duplicate meas- 
urements of the same lot will come out 
within an inch or two of the same 
value, an unheard-of accuracy in hand 
measuring. The system assures the cus- 
tomer that he will receive and be billed 
for the exact footage ordered. 
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\General Electric. Semiconductor News 


FOUR BASIC CIRCUITS. Above are four basic designs for the Controlled Rectifier using the unijunction transistor 
as the firing means. The unijunction is a precision trigger, putting out short, high current pulses. The frequency of 
these pulses will not vary with the supply voltage or temperature, yet can be variably controlled with a silicon triode 
from a low level feedback signal. Unijunction firing circuits are easily synchronized with 60 cycle line frequency. 
In short, the unijunction provides the simplest and least expensive means for precision firing of the Silicon Con- 
trolled Rectifier. 


General Electric’s new silicon medium-current rectifiers, Types 1N2154 thru 1N2160, are ideal as companion 
devices to the controlled rectifier for reverse-voltage protection and, also, for applications in full-wave circuitry. 


SAMPLE LIST OF POWER * Converters, DC to DC, DC to AC * Power switch for * Dynamic braking 
HANDLING AND OTHER JOBS * Phase controlled DC power sup- automatic temperature control * Light dimmers 

THAT CAN NOW BE DONE plies, regulated & unregulated electronic flash * Thyratron replacement for 
BETTER BY THE G-E * Frequency converter, current * Reversible motor control relay drivers 


CONTROLLED RECTIFIER control * AC variable speed induction motor 


* High speed printer 
digital computer 
* Welding control 
* Ignitron firin 
* Pulse width conversion * Circuit breaker replacement 
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revolutionary G-E Controlled Rectifier 


“Controlled rectifiers may revolutionize the electrical industry.” This state- 
ment was made a year ago by a respected news publication. Since then 
samples have been studied by hundreds of firms. Many new circuits have 
been developed which promise important improvements in functions, reli- 
ability, simplicity, accuracy and lower cost. In just one year prices have been 
reduced 75 percent (see chart below). And now, the G-E Silicon Controlled 
Rectifier is a standard, production-line item, warranted in writing and avail- 
able at sharply reduced prices. 

This is the time for design engineers to exploit the inherent advantages of 
the Silicon Controlled Rectifier in their circuit designs. Many applications 
are proved... the firing circuits have been refined ...the product line is 
stabilized ...and it makes sound economic sense. Call or write your G-E 
Semiconductor Sales Representative for complete details. The Controlled 
Rectifier is also available from many local G-E Distributors. 


HOW THE G-E CONTROLLED RECTIFIER WORKS. The Silicon Controlled Recti- $300 
fier is a three junction semiconductor device for use in power control and 
power switching applications requiring blocking voltages up to 400 volts 
and load currents up to 16 amperes. Series or parallel circuits may be 
used for higher power applications. 

The G-E Controlled. Rectifier’s reverse characteristic is similar to a $75 
normal silicon rectifier in that it represents essentially an open circuit 
with negative anode to cathode voltage. The forward characteristic is such $225 
that it will block positive anode to cathode voltage below a critical break- 
over voltage if no signal is applied to the gate terminal. However, by ex- $200 
ceeding the forward break-over voltage or applying an appropriate gate 
signal the device will rapidly switch to a conducting state and present the 
characteristically low forward voltage drop of a single junction silicon 
rectifier. 


$275 


DETAILED NOTES are available on the application of the G-E Silicon Con- 
trolled Rectifier, plus reprints of articles that have appeared in technical 
journals, Write to Section $16359, Semiconductor Products Dept., General 
Electric Company, Electronics Park, Syracuse, New York. 





STEADY PRICE DROP. Since its introduction one year ago, the price of the 
typical G-E Controlled Rectifier has dropped more than 75 percent. This 
results from improved manufacturing techniques and volume production. 
The G-E Controlled Rectifier is now a production-line item, warranted 
in writing for one year and subjected to the same quality control tests 
imposed on all General Electric transistors and rectifiers. 


The G-E Controlled Rectifier is also available at even less cost (ZJ39L series) for 
use at 100°C and below, with currents up to 10 amperes. Jon. FMAMIJSASONDI EM 
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MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load) 





C35U C35F C35A C35G C35D 
Continuous Peak Inverse Voltage (PIV) 25 50 100 150 400 volts 
Transient Peak Inverse Voltage (Non-Recurrent<5 millisec.) 35 75 150 225 500 volts 
RMS Voltage (Ves), Sinusoidal 17.5 35 70 105 280 volts 
Average Forward Current (Ir) Up to 16 amperes 

Peak Cycle Surge Current (Isurge) 150 amperes 

Peak Gate Power 5 watts 

Average Gate Power 0.5 watts 

Peak Current (Ic) 2 amperes 

Peak Gate Voltage (Vc) (forward) 10 volts 

Storage Temperature —65°C to + 150°C 

Operating Temperature — 65°C to +125°C 





CHARACTERISTICS (At Maximum Ratings) C35uU C35F C35A C35G 
Minimum Forward Breakover Voltage (Vs0) 25 50 100 150 

Maximum Reverse (Ix) or Forward (is) Leakage Current (Full Cycle Average) 6.5 6.5 6.5 6.5 

Maximum Forward Voltage (V+ ave) 0.86 volts (Full Cycle Average) 

Maximum Gate Current To Fire (Icr) 25 ma 

Maximum Gate Voltage To Fire (Vcr) 3 volts 

Typical Gate Current To Fire (icr) 10 ma at +1.5 volts (Gate to Cathode Voltage) 











ZJ39L Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes. 
ZJ50 Series—a high-current series now in development, and available on a prototype-sample basis. 


GENERAL @ ELECTRIC 


CIRCLE 93 ON READER-SERVICE CARD MARCH 1959 

















0 +1.0 
DC INPUT, VOLTS 


DIRECT VOLTAGE TO 
FREQUENCY CONVERSION! 


Multiple input ranges, either polarity 
Inherent noise-averaging characteristics 
Output frequency 0 cps to 10 KC 

1 megohm input impedance 

0.1% accuracy 


Easily used in remote and automatic 
programming applications 


CONDENSED SPECIFICATIONS 


Dymec Voltage-to-Frequency Converter 


Here is a compact new instrument which embodies a truly 
unique approach to the analog-to-digital conversion 
problem. You can now make accurate, dependable voltage 
measurements with your standard electronic counter, 
viewing results in direct, digital form on the counter. The 
instrument and its associated counter also serve as an 
electronic integrator permitting direct measurement of 

the time integral of dc voltages and other variables without 
time-consuming manual data reduction and analysis. 
These characteristics make the DY-2210 an ideal basic 
component for data handling systems. 

The new DY-2210 converter generates output pulses at a 
rate proportional to the dc signal voltage. This renders 

the instrument virtually insensitive to noise, and makes 
possible average measurements of pulsating voltages and 
currents. The voltage measuring interval is determined by 
the associated counter. Either positive or negative voltages 
can be measured without reversing leads or switching. 
Immediate shipment from stock. For compiete details or 


demonstration see your Dymec representative or write 
direct for information. 


Input Voltage Ranges: 0 to 1, 10, 100 and 1,000 v dc; manual selection. 


Input Impedance: | megohm, 200 wef shunt, all ranges. 


Input Polarity: Positive or negative. Polarity automatically sensed. 


Output Frequency: Zero to 10,000 cps. 
Accuracy: Within 0.1% full scale. 


Calibration: Against internal mercury cell or external voltage standard. 


Power: 115 v + 10%, 60 cps, 35 watts. 


Dimensions: Cabinet model, 7'/,” wide, 1114,” high, 10%,” deep. Rack mount 


model, 19” wide, 34,” high, 103/,” deep. 
Price: $650.00 (Rack) $660.00 (Cabinet). 


Data subject to change without notice. Prices f.o.b. factory. 


See us at |.R.E. Booth 3019-3020. 
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DYMECH# INC. 


(formerly Dynac, Inc.) 
5168C Page Mill Road * Palo Alto, Cadlif., U.S.A. 
DAvenport 6-1755 


Field representatives in all principal areas 
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SYSTEM ANALYZER covers 0.01 to 110 cps. 


Photo at the right shows a new control system analyzer 
designed to facilitate investigation of feedback control 
systems over the frequency range of 0.01 to 110 cps. Its 
manufacturer has drawn heavily on the experience of con- 
trol systems designers and has produced a unit that 
¢ climinates the problem of continual meter movement 
e reduces distortion caused by nonlinear elements 
e rejects completely any dc bias 

To overcome these last two difficulties, the instrument 
evaluates the Fourier expression for the “in-phase” and 
“quadrature” components of the fundamental in the 
waveform under test. These are expressed as follows: 


T 
a, = o/s f sin wt F(t) dt 


andl tes ent f- cos wt F(t) dl 


where F(t) represents the waveform at the output of 
the system under test. To provide, for example, the “in- 
phase” component, the instrument multiplies this output 
waveform by the reference voltage, sin wt, then integrates 
this product over a time T equal to the period of one 
cycle. This integral is then multiplied by the scaling 
factor w/z. As shown in the block diagram, integration 
time is controlled by a relay. The timing circuit closes the 
relay for one complete cycle. When the relay opens, the 
integrator maintains a steady meter reading. 

The scaling factor, #/z, depends on the frequency under 
investigation and is set by switches controlling the in- 
tegrator time constant. Housing a decade oscillator and 
the phase-sensitive voltmeter in the same cabinet elim- 
inates the need for two sets of frequency controls. 

Oscillator section offers a direct output of 20 volts peak 
at 15 ma, maximum, and an attenuator output of from 
0 to 20 volts peak by means of precision 10-turn pots. 
A phase-sensitive voltmeter section covers 0 to 150 volts in 
eight ranges on a center-zero meter—Short Brothers & 
Harland, Ltd., London, England. 


Circle No. 200 on reply card 


+ Scale factor setting. 


(Switches ganged with 
System oscilator frequency 
output control ) 


F(t) 
Multiplier of 








Voltage range | 











Relay 
Reference t 
sin wt Fit) sin wt Li 


(or cos wt) Timing 
circuit 


+f "F(t) sin wt dt 


CARD READER eliminates errors. 


Designed for use with Richardson’s Select-O-Weight 
proportioning equipment, this compact punched-card 
reader requires no special skills of the operator, prevents 
material waste through human error, and assures product 
uniformity. Other advantages of a punched-card input are 
the protection of secret formulas and the ability to use the 
same cards for cost calculations and billing purposes. 

Unit can be supplied with a maximum of 960 pins to 
make contact through a standard IBM card. Pins are 
rated at 100 ma, nonswitching; position limit switches will 
handle 15 amp at 125, 250, or 460 vac.—Richardson Scale 
Co., Clifton, N. J. 

Circle No. 201 on reply card 
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Look how Sorensen equipment blankets the controlled power field: 








A-c regulators 

e@ Completely tube! tr 
mag-amp to 5 kva 

@ Tubeless for peak, rms or average voltage 

e Electronic —to 15 kva 

@ Fast-response, low-distortion 

e High-precision (+0.01% rms regulation) 

e@ Hermetically sealed and MilSpec versions 

@ 400-cycle regulators 

e Three-phase 

e A-< meter calibrators and voltage 
reference sources 

e “Constant voltage transformers” for 
line and filament regulation 











ized and 





























NOBATRON® regulated d-c supplies 

e B supplies 

@ Tubeless low-voltage, high-current—to 
500 amps out 

e Wide range—electronic, transistor or 
mag-amp controlled 

@ Electronically regulated d-c supplies 

@ Miniature transistor-regulated supplies 

@ And also unregulated d-c supplies 


























Frequency changers, inverters, converters 

(no moving parts in these) 

e Single-phase, 60 cps to single-phase 
400 cps or any f in range 45-2000 cps— 
adjustable f or +0.001% regulated; 
powers to 1000 va 

@ Singie- phase 60 cps to three-phase 400 cps 

@ Miniature transistorized inverters —6, 
12, or 28 vde to 115 vac, 60 or 400 cps 

@ Miniature transistorized converters —6, 
12, or 28 vdc to d-c voltages from 50 to 
1000 vde 

















Model R5010 Tubeless AC Line Regulator (top) 
Model 610B Nobatron DC Supply (center) 
Model FCR 250 Frequency Changer (bottom) 


Although Sorensen originally made its name as the foremost producer of electronic 
a-c line-voltage regulators, we've come a long way since then. Today, Sorensen 
standard units, as outlined above, fill almost all the requirements of the controlled 
power field—and you can add to these Sorensen’s high-voltage equipment (up to 
600 kv). Today’s Sorensen engineer is equally at home in designing with vacuum 
tubes, semiconductors, and the latest magnetic devices and materials to produce 
better, lighter, faster controlled power equipment than ever before. Sorensen engi- 
neers are always glad to discuss your special power requirements with you—whether 
for a new unit or for a complete power system. Write us or see your Sorensen 


representative. 8.44 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


S 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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NEW PRODUCTS 





DATA HANDLING 
& DISPLAY 


MONITORS 100 OPERATIONS 


Designed for military and rigorous in- 
dustrial applications, this rugged in- 
strument will monitor and record up 
to 100 separate and distinct opera- 
tions in a 12-in. strip chart. Features 
include electric writing for unattended 
operation, a rapid response of up to 
500 signal changes per sec, instan- 
taneous selection of eight chart speeds, 
and a 500-ft chart capacity. Unit 
draws 250 watts at 105-125 volts, 60 
cps.—Brush Instruments, Cleveland, 
Ohio. 
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LOW-LEVEL MULTICODER 


Well-suited for handling thermo- 
couple and strain gage data in missile 
flight tests, the ML Series PDM 
Multicoder is available in all standard 
IRIG sampling rates and channel con- 
figurations. Maximum input sensitiv- 
ity is from 0 to 10 mv for full scale, 
with adjustable gain providing any 
range up to 100 mv full scale. Unit 
consists of an electromechanical com- 
mutator, de amplifier, PAM to PDM 
converter, and power supply.—General 
Devices, Inc., Princeton, N. J. 


Circle No. 203 on reply card 
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American Cyanamid 
CONTROLS BOILING-POINT RISE 
WITHIN 1/20th DEGREE C... 


by unique narrow-span DYNALOG Electronic Controller 


Temperature difference control within ¥2 of 0.1°C — 
that’s what American Cyanamid demands for proc- 
ess evaporators at their Organic Chemicals Plant in 
Bound Brook, New Jersey. Boiling-point rise must be 
held at 108.5°C, since even slight variations affect 
product quality. 

A Foxboro Dynalog Recorder-Controller, with full- 
scale span of only 5°C, provides the close control 


American Cyanamid requires. Control is held con- 
tinuously within 1/20th of a degree of set point — 
with chart zecords for proof. 

Cyanamid's Narrow Span Controller was installed 
in 1955. It's been running continuously ever since, 


virtually unattended. The only servicing or mainte- 
nance required on the Dynalog has been re-inking 
and chart changing. 

Get the complete story on the exclusive Dynalog 
Controller, with full-scale spans as narrow as 5°F — 
the narrowest span available to industry today! 
Write for Bulletin 20-10. The Foxboro Company, 
363 Norfolk St., Foxboro, Mass. * Reg. U. S. Pat. Oft. 


FOXBORO 


REG. U.S. PAT. OFF. 


DYNALOG ELECTRONIC INSTRUMENTS 
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NEW GALVANOMETER AMPLIFIER 
Strengthens Low Power Signals 
to Drive High Frequency Oscillographs 


Input 


THEME ge ommactabaeute 








Galvaonometer Amplifier, Model 





Output 























IRE SHOW 
Booth Nos. 2202-2210 




















& DESCRIPTIVE DATA | 


VOLTAGE GAIN: 
Adjustable from 0 to 1.0 


OUTPUT (37 OHM LOAD): 
= 2.4 volts at 65 ma d-c to 
8 Kc, limits at = 100 ma. 


OUTPUT IMPEDANCE: 
2 Ohms d-c to 10 Ke 


CONTROLS: 
6 GAIN controls, 1 Power 
ON-OFF switch 


INPUT IMPEDANCE: 47 K 


ISOLATION: 

Individually floating chan- 
nels for use with ungrounded 
loads 


NOISE: 
Less than 3 mv peak-to-peak 


DRIFT: 
Less than 3 mv/°F 


POWER REQUIREMENTS: 
115 volts £10 volts, 50 to 
440 cps, 45 watts 








T6GA-1, measures 31.” high, 19” wide, 15Y)” deep. 


With Honeywell’s new Galvanometer Am- 
plifier, Model T6GA-1, high frequency oscil- 
lographs can now be operated directly by low 
power input sources of 1 volt or more. These 
inputs, some of which are shown in the 
diagram above, should have output imped- 
ances of 10 K or less although higher source 
impedances can be tolerated. Noise and drift 
are indistinguishable on the recorded output 
when the galvanometer-amplifier combina- 
tion has a maximum sensitivity of 1 inch 
per volt. 


The Model T6GA-1 is a compact, six 
channel, three stage transistor d-c amplifier 
with overload protection to eliminate both 
danger of transistor damage and galvanom- 
eter burnout. 


Each of the six amplifier channels is 
isolated from ground by individual floating 
power supplies. Write for Bulletin B-ET6 to 
Minneapolis-Honeywell, Boston Division, 
Dept. 34, 40 Life Street, Boston, Mass. 


Honeywell 
Thats a Coutiol 
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AIRBORNE CONVERTER 


This rear view of a new multichannel 

analog-to-digital converter illustrates 

its modular construction and compact 
printed circuit design. Called the 

Model CG-591, the unit weighs only 

7 Ib and uses the PCM method of op- 

eration to provide accuracies within 

0.2 percent. 

Characteristics: 

Input impedance: 1 megohm for 
frequencies to 40 cps; nominally 10 
megohms at de. 

Number of inputs: normally 12 

Input range: plus or minus 5 vdc 

Sampling rate: 120 per sec 

Output signals: dc voltage pulses or 
steps of 3 minimum shifts per 
channel 

—Gulton Industries, Inc., Metuchen, 
3, 
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HIGH-SPEED PRINTER 


This Model 400C digital printer was 
designed to handle the output of 
high-speed counting, timing,  fre- 
quency-measuring, and data-handling 
equipment. Standard design features 
include parallel entry, unitized con- 
struction, and the elimination of step- 
ping switches. Among its optional 
features are: a 10-line output from 
each digit for operatipg a card or tape 
punch or electric typewriter; an analog 
output for driving graphic recorders; 
an inline readout for visual monitor- 





vT 
Temperature 
Transmitter 


Bellows Type 
VP Pressure 
Transmitter 


Rockwell-Built 


Common Pneumatic 
Component 
- ++ the heart of 
each ‘instrument 


vorp 
Differential 
Pressure 
Transmitter 


vc 
Controller 


VSR 
Square Root 
Extracting 
Relay 





Republic Vector Series Instruments 


serve any process, cut costs too! 


You can save substantial money 
when your control systems are 
based on Republic’s Null-Balance 
Vector instruments. Each has as its 
*‘heart’’ an identical pneumatic 
component, with obvious advan- 
tages. Among these are interchange 
of parts, even among instruments 
performing entirely different func- 
tions. Besides involving a minimum 
spare parts inventory, this feature 
greatly simplifies personnel 
training. 

Components shown demonstrate 
the depth of the Republic line. Dif- 


erential pressure transmitters with 
20-to-1 range adjustment. . . tem- 
perature transmitters with 10-to-1 
range adjustment...pressure trans- 
mitters of +.5% accuracy. We have 
ratio, totalizing, multiplying, 
squaring and square root extract- 
ing relays. Our all-purpose control- 
lers feature proportional band ad- 
justment of 2% to 500% and reset 
adjustment from 0.1 to 50 repeats 
per minute. 

The Republic Engineer in your 
area will be glad to work with you 
on any control or measurement 
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problem. Sales offices in principal 
cities throughout the United States 
and Canada. Call or write—with 
no obligation, of course. 


Repvus tic 
FLOW METERS CO. 
Subsidiory of ROCKWELL MANUFACTURING COMPANY 


2240 DIVERSEY PARKWAY CHICAGO 47, ILLINOIS 
in Canada: Republic Fiow Meters Canoda, Lid. —Toronte 


© 


Monvfocturers of electronic ond pneumotic 
instrument ond contro! systems for vtility, 
process ond industrial opplications. 
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Panalarm Annunciator pinpoints 
process “off-normals" 


In the process industries and among users of automatic machinery, 
trouble is minimized when it’s caught early. That’s the purpose of the 
Panalarm Annunciator System—a continuous monitor of your process. 

One typical adaptation of the modular Panalarm system is engineered 
to differentiate between the first “off-normal” and subsequent “‘off-normals” 


caused by the first. This feature allows instantaneous recognition of the prime 
source of trouble in a “chain reaction.” 


Another adaptation is designed specifically for motor start-up and shut- 
down. It has also been successfully adapted for supervisory control, pump 
control and programming. 


Your Panalarm sales engineer will be happy to make a survey of your 
requirements to determine whether a Panalarm system can aid productivity 
and safety in your process. 


Division of 
PANELLIT, INC. 


7417 N. Hamlin Avenue, Skokie, Illinois 


Engineered 
information Systems 
for industry 


Information 
Systems 
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Graphic Panels, 


Panellit Service 
Control Centers 


Corporation 


CONTROL 











| NEW PRODUCTS 


ing; an accumulator for totalizing 
operations; and a transistorized drive 
that accepts low voltage inputs.—Com- 
puter-Measurement Corp., North Hol- 
lywood, Calif. 


Circle No. 205 on reply card 


WEA 0 <0 


(206) Houston Instrument Corp., 
Houston, Tex., offers a $595 X-Y re- 
corder that has a standard sensitivity 
of 10 mv per ins and uses ordinary 
84-by-ll-in. graph paper. . . . (207) 
A magnetic-tape continuous-loop te- 
corder/reproducer for the repetitive 
study of highly transient data, random 
occurrences, and time-delay applica- 
tions requiring up to 14 channels, is 
available from Consolidated Electro- 
dynamics Corp., Pasadena, Calif. . . . 
(208) The Computer Div. of Bendix 
Aviation Corp., Los Angeles, Calif., 
has added a new photoelectric paper 
tape reader to its G-15 computer ac- 
cessory line. 


Circle 206, 207, or 208 on 
reply card 


RESEARCH, TEST 
& DEVELOPMENT 


? w 


HIGH-RESISTANCE BRIDGE 


This new laboratory standard resist- 
ance bridge calibrates high megohm 
resistors to close tolerances, over the 
range of 1,000 ohms to 110 million 
megohms. Completely battery op- 
erafed, and mounted in a solid oak 
case, the bridge is accurate to within 
0.2 percent on values up to 10” ohms. 
Test potential can be varied up to 
1,000 volts to permit accurate voltage 
coefficient analysis.-Mid-Eastern Elec- 
tronics, Inc., Springfield, N. J. 
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GD100 SERIES ‘2 


wE 


GD60 AND 80 SERIES 
GD700 SERIES 


Control gases safely, accurately 


1500 so VICTOR REGULATORS 


You get precise regulation of high pressure gases with large flow rates, because Victor employs gas 

pressure to control the regulating diaphragm. The result is accurate delivery from 5 to 15,000 psi with 

inlet pressures to 15,000 psi . . . plus ability to obtain flows in excess of 200,000 scfh at maximum 
inlet and outlet pressures. Chart below shows operating range of standard models. 
MODEL MAX. INLET MAX. OUTLET FEATURES MAX. FLOW 

NO. PSI PS! SCFH 

GD10 3,600 500 Singie adjustment regulator contro 15,000 
GD30 2,500 2,500 bleed vaive contro 25,000 
GD31 3,600 3,600 L & bleed vaive contro! 36,000 
. GD6IC 2,500 2,500 & bleed valve contro! 10,000 
- - Yours for the asking GD62C 3,600 3,600 Load & bleed valve control 12,000 
Take advantage of Victor's GD65 6,000 6,000 Load & bleed vaive control 15,000 
long experience with high GD65C 7,000 7,000 & bleed valve control 15,000 
pressure gas regulation to GD80A 5,000 5,000 & bieed vaive contro 30,000 
GD81A 10,000 10,000 l & bleed valve contro! 50,000 
GD86R 10,000 10,000 r remote control only 75,000 
GD100R 6,000 6,000 r remote control only 240,000 
rates, delivery pressures, GD100 6,000 6,000 Load & bleed vaive control 240,000 
corrosive fluids and tem- GD700 7,000 7,000 Single ee contro 15,000 
perature compensation. SR10 3,600 1,000 Small, spring loaded regulator 200 
Write, wire or phone us LR20B 7,000 7,000 _ Spring ioaded regulator; self relieving 120 


today. No obligation. Operating temperature range: —67°F. to +250°F. 


help solve your special 
problems involving flow 


All models listed are field proved. Most are designed for panel mounting or remote control. They regu- 
late all non-corrosive gases, including oxygen. Stainless steel models available for corrosive gases and 
pressures above 10,000 psi. For complete specifications, write for Victor High Pressure Regulator sheets. 


VICIOR EQUIPMENI COMPANY 


rs Mfrs. of High Pressure and Large Volume Gas Regulators; welding & cutting equipment; hardfacing rods; 
blasting nozzies; cobalt & tungsten castings; straight-line and shape cutting machines 





844 Folsom St., San Francisco 7 »* 3821 Santa Fe Avenue, Los Angeles 58 + 1145 £. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 
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WHEN SIMPLYTROL MINDS THE POT 





TIME-PROPORTIONING CONTROL 
HAS UNIQUE ANTICIPATING ACTION 


The new A.P.I. Simplytrol brings an extremely high degree of 
precision to low-cost temperature control. On most applications, 
this meter-relay-actuated controller will hold temperature accu- 
rately to within +1°F. of a desired set point. 

An ingenious anticipating circuit aids in the “pot minding.” 
When the measured temperature approaches the set point, an 
electrostatic attraction is created between the contacts on the in- 
dicating and adjustable pointer-arms. This electrostatic force 
increases rapidly as the contacts move closer together and causes 
premature closing of the circuit, thereby avoiding temperature 
overshoot by early shut-off. 

Built around the well-proven A.P.I. meter-relay design, 
Simplytrol is a complete controller package which uses no ampli- 
fying circuits or vacuum tubes: it is perfectly stable, thoroughly 
reliable. And it costs much less than comparable tempera- 
ture controls. 

Available in thirty ranges from —400°F. to +3000°F., 
Simplytrol is packaged in an attractive case that converts in min- 
utes from table-top enclosure to panel-mounting rack. Special 
models offer an adjustable time-proportioning band. 


For complete information, request Data Sheet 9-B. 


ASSEMBLY PRODUCTS, INC. 


Chesterland 77, Ohio 
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| NEW PRODUCTS 


HIGH-VACUUM GAGE 


A new ionization-type vacuum gage, 
the Model 100-A, operates over the 
range of 10“ to 10” and uses this cold- 
cathode gage tube, an open-ended 
Pyrex tube with two electrodes, as a 
sensing device. A high potential be- 
tween the U-shaped anode and the 
circular cold cathode provides an elec- 
tron stream, which is aligned by a 
magnetic field. Gas particles present 
in the vacuum ionize on collision 
with these electrons. Collection of 
the ions at the cathode generates a 
current that is directly proportional to 
the amount of gas present. Unit draws 
34 amp (including protection load) at 
115 volts, 60 cps.—Miller Laboratories, 
Latham, N. Y. 
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WIDE FREQUENCY RANGE 


The Model 1715 square-wave gen- 
erator is well-suited for either labora 
tory or production testing of trigger- 
ing, coding, or gating networks and 
circuits. It has a rise time of 0.02 
microsec and covers a frequency of 
from 1 cycle to 1 megacycle in six 
decade bands. A main frequency dial, 
graduated from 1 to 10, permits infi- 
nite variation. Mechanical design pro- 
vides for easy access and excellent 
ventilation. Complete unit sells for 
$265.—The Hickok Electric Instru- 
ment Co., Cleveland, O. 
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Transmission (‘B''—above) can be a 
system's weak link. Where continuous 
operation is required, look to Teletype. 


Teletype — Symbol for 
continuous operation 


Teletype equipment was born to demanding appli- 
cations; railroad stations located too far for servicing, 
24-hour newspaper and telegraph jobs, the stock ex- 
change where a breakdown could cost a fortune .. . 
and rough hitches with the armed forces. 

The Model 28 printer incorporates Teletype depend- 
ability with a host of new features for communication 
and data processing applications. 


Attention Free. The Teletype Model 28 printer is 
designed for minimum maintenance. Lubrication inter- 
val at 100 word per minute speed is 1,500 hours—at 60 
word per minute it’s 3,000 hours! Motors were speci- 
ally designed for the Model 28, to give long, attention- 
free operation. The printer is not affected by tilting or 
severe vibration, works reliably even in mobile appli- 
cations. Other attention-free features: 


1 New type box. Characters are contained in a com- 
pact, lightweight assembly. Each character is on a 
separate pallet—type alignment is built in, overscor- 
ing and underscoring eliminated. The type box can be 
quickly removed, without tools, for cleaning or 
changes in type arrangement. 


2 Tests at 100 WPM in continuous operation show 
9,000,000 words printed, without servicing. Paper 
guides and pressure rollers are designed to provide 
straight-line paper feed, insuring accurate, continuous, 
paper alignment. 


3 All steel clutches give firm, uniform, and accurate 
engagement, cycle after cycle . . . operate with ex- 
ceptional stability . . . deliver high torque capable of 
handling positive and negative loads. Internal expan- 
sion principle in clutch design minimizes wear. 
Lubrication interval is reduced to once or twice a year. 


New—Versatile, too. The Teletype Model 28 printer 
is a new instrument. . . engineered to “‘cruise’’ at 100 
WPM. It is attractively styled and quiet in operation. 

Exclusive with the Teletype 28 Printer is the versa- 
tile Stunt Box, which is actually a “robot brain.” 
Responding to keyboard or line signals, it may be 
used for internal control of extra functions in the 
Teletype printer and for remote control of associated 
or other electronic or mechanical equipment. 

For more information about this Teletype Model 28 
printer—write to Teletype Corporation, Dept. 22C, 
4100 Fullerton Ave., Chicago 39, Illinois. 


TELETYPE 


CORPORATION 


sussiviary or Western Electric Company inc. 
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AIRPAX 
Coaxial Chopper 


for Automatic Direction 
Finding Equipment 


AIRPAX TYPE 199 
Double-Pole Double-Throw 


ELECTRONIC TACHOMETER 

A new portable tachometer, using in- 
line Nixie tubes for a direct digital 
readout, has been developed to sim- 
plify measurement of shaft speeds 
rom 4 rpm to 50,000 rpm. _ Unit 
reads speeds to within 1 rpm in 1/16th 
sec or to within 10 rpm in 1/100th at 
all speeds. Continuous indication 
eliminates need for dial tachometers. 
—Dynapar Corp., Skokie, II. 


Circle No. 242 on reply card 


Designed for use in the 100 to 400 
megacycle range, the chopper 
samples two incoming signal sources 
for a single load or distributes a low 
level signal to two loads in a peri- 
odic manner. Switching frequency is 
100 cycles per second. 


The voltage standing wave ratio 
(VSWR) is held below 1.2 by design 
of the cavity in which the switching 
contacts operate. 


Type 199 has a phase angle of 30° 


o 
and a dwell time of 160°. It operates Thermocouple Calibrator, features a 
effectively throughout a temperature precision constant-temperature refer- 
range of —65C to +125 C. Available ence junction in place of the stainless 
from stock. steel ice bath ea test tubes formerly 
used for cold junction compensation. 
All instrumentation is rack-mounted. 
Equipment includes potentiometer, 
standard cell, null indicator, wet-cell 
storage battery, 24-point rotary switch, 
furnace control instrumentation, and 
a Bureau of Standards calibrated 
platinum-platinum rhodium thermo- 
couple. Unit will handle 24 couples 
AIRPAX ELECTRONICS) at one time. —Arcweld Mfg. Co., 
INCORPORATED Grove City, Pa. 
JACKTOWN ROAD, CAMBRIDGE, MD. | Circle No. 243 on reply card 
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CHECKS THERMOCOUPLES 
This new test stand, the Model TC-2 
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recorders make YOUR work 
easier with up-front control of all operations 


Work-saving “recti/riter” recorders place all 
routine adjustments and controls at your fingertips 
for maximum operator convenience. 


With the greatest ease and speed, you can. . 
Raise the transparent, dust-proof door . . 
Make notes on “writing desk” area... 
Remove, tear off, or change chart paper. . 
Flip the power switch . . 

Adjust zero position of writing pens ... 
Make connections to front terminals .. . 
Select any of 10 chart speeds .. . 
Advance chart paper as desired manually . 
Check visible ink supply level or refill. 


And, of course, removal of the dust cover makes 


1. 
2. 
5. 
4. 
5. 
6. 
7. 
8. 
9. 


TEXAS INSTRUMENTS 


INCORPORATED 


INDUSTRIAL INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY « HOUSTON 6, TEXAS « CABLE: HOULAB 


every working part completely accessible — and 
removable — without further disassembly. 

Add to these convenient features true rectilinear- 
ity, side-by-side time-correlated traces readable at a 
glance, fast rise time, galvanometer dependability 
and +1% full-scale accuracy. Yes, and remember 
—only “recti/riter” systems (recorders and match- 
ing accessories) provide these wide ranges for 
recording electrical parameters: 


10 millivolts to 1000 volts 
500 microamperes to 1000 amperes 
Monitor standard frequencies — 40, 60, 400 cps 


Just a word from you will bring complete 
information on the “recti/riter” line. Inquire today! 


OTHER TI/1ID PRODUCTS 
* Complete Geophysical Instrumentation 


* DATA-GAGE Measurement and 
Control Systems 


* Automatic Test Equipment 
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RELIABILITY and FLEXIBILITY 


in the optimum package 


These new Daystrom Pacific products 
round out a complete line that offers to 
instrumentation, project, research and 
automation engineers the full benefits of 
reliability and flexibility. 


With these additions, the Daystrom Pacific 
potentiometer line now includes more than 
32 basic models with over 252 variations, 
exclusive of resistance values. Basic models 
for military and industrial use include: 
““SQUARETRIMS”’ 
SUBMINIATURE MULTITURN POTENTIOMETERS 
HIGH TEMPERATURE POTENTIOMETERS 
GANGABLE POTENTIOMETERS 
LOW-COST, HIGH-PERFORMANCE MULTIPOTS 


Model 341 
1K to 200K 


i 
— Model 319 
w 1009 to 50K 


Users of Daystrom Pacific products obtain 
the many benefits of a single source for all 
potentiometers. Among them is the 
convenience of an unusually effective and 
helpful field service and technical liaison 
organization. 


For further information contact the representative 
in your area or the factory direct. 


Patents Pending or applied for. 


qualified engineers 
a division of DAYSTROM, INC, »| 
9320 LINCOLN BOULEVARD 
LOS ANGELES 45, CALIFORNIA 


|» ST ae oO ta PAC 4 a 7 Cc openings exist for highly 
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PLUS. 

(214) Consolidated Electrodynamics 
Corp., Pasadena, Calif., has announced 
a new high-temperature chromato- 
graph capable of separating and an- 
alyzing substances with boiling points 
up to 600 deg C. . . . (215) The Model 
107A Feedback Electrostatic Volt- 
meter by Monroe Electronic Labora- 
tories, Inc., Middleport, N. Y., per- 
mits drift-free measurement of the 
voltage on an electrostatically charged 
surface. . . . (216) A low-cost, rack- 
mounted viewing oscilloscope, with 
horizontal and vertical sensitivity of 
20 mv per in., is now in production 
at American Electronic Laboratories, 
Inc., Philadelphia, Pa. . . . (217) The 
Kennedy Co., Pasadena, Calif., offers 
a pulse-waveform generator that pro 
duces long calibrated pulses suitable 
for testing electromechanical devices, 
computers, and input-output equip 
ment. 


Circle No. 214, 215, 216, or 217 


on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


BREAK HI-TEMP BARRIER 


High-temperature differential trans 
formers, Types 6208-HHK and 6206 
HHK, are now available for prototype 
and model evaluation. Because theit 
coils are wound on special ceramic 
bobbins, these units will operate con- 
tinuously at 1,000 deg F and with- 
stand 2,000 deg F for periods up to 
5 min. The 6208 model is for linear 
displacements up to 0.150 in., either 
side of center; the 6206 handles dis 
placements up to plus or minus 0.500 
in.—Automatic Timing & Controls, 
Inc., King of Prussia, Pa. 
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Find the missing memory plane 


The seven memory planes above each solved some 
special memory problem. There is one plane missing. 
It’s the one which will solve your problem. You'll find 
the plane at General Ceramics which offers a com- 
plete memory plane service, backed by broad experi- 
ence in the design, engineering and mass production 
of planes, frames and cores. 


VISIT BOOTHS 
2221-2223 
L.R.E. SHOW! 


DESIGN SERVICE- An experienced design engi- 
neering staff stands ready to analyze your mem- 


ory plane requirement, recommend and develop 
the plane that will meet your application in the 
most efficient and least expensive manner. 


MANUFACTURE — Skilled factory personnel, uti- 
lizing the most advanced equipment and techniques 
and continually working in all phases of memory 
plane development and manufacture will produce 
the plane. General Ceramics has developed and 


wired memory planes containing from 64 to 16,384 
cores each. (Core sizes range from 50 mil OD to 
80 mil OD.) 


QUALITY CONTROL—An expanded testing de- 
partment with fully automatic and semi-automatic 
testing equipment, developed at General Ceramics, 
assures you complete quality control and the high- 
est standards of manufacture. 


STANDARD LINE-—Perhaps some of General 
Ceramics’ line of standard memory frames will 
meet your requirements. Write for literature on 
General Ceramics standard planes. Address in- 
quiries to General Ceramics Corporation, Keasbey, 
N.J.—Dept. CE. 


GENERAL CERAMICS 


ORIGINATOR OF THE SQUARE LOOP FERRITE 


Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FERRITES, 
SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA and CHEMICAL STONEWARE 
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HIGH DISSIPATION RESISTORS: Space- 
wound, mica-insulated types for instru- 
ments, business machines and other exact- 
ing uses. Operate continuously at 175°C 
dissipating 74% watts in air or 15 watts 
against metal. 





HEAVY-DUTY PRECISION RESISTORS: 
Wound with glass-insulated, low-TC wire, 
“G” Type resistors handle 5-10 times the 
wattage of standard-size precision types. 
Available in 1% to 20-watt types with 
full-load tolerances to 0.25% 








SURGE RESISTORS: Used in high voltage 
rectifiers, as high current meter multi- 
ane or as bleeders, these resistors 
andie 150 watts up to 22% KV. 100 
ohm to 3 megohm types available with 
1% tolerances standard. 





CORONA-PROTECTED RESISTORS: Ideal for 
corona control in kilovoltmeters, these 
Taylor-type high voltage resistors consist 
of five 0.1% Shallcross resistors mounted 
in spun aluminum cases. Each unit handles 
5 KV (7% KV max.). Several units may 
be screwed together for measurements up 
to 200 KV. 





EXTERNAL METER RESISTORS: Sectional 
wirewound resistors fitted into hermeti- 
Cally-sealed, glazed Steatite tubes with 
ferrule-type terminals. Resistances up to 
6 megohms, ratings from 1% to 5 watts 
at voltages up to 6 KV. Standard tolerances 
0.5%; 0.05% on request. 


Special Wirewounds 
for the TOUGH JOBS 


When your resistor applications call for the unusual 
in shape or size . . . the critical in terms of perform- 
ance and reliability . . . consider Shallcross. Chances 
are that after 30 years of designing and manufacturing 
precision wirewound resistors, even the most extraordi- 
nary requirements can be met. 


Beyond the “specials” shown above, Shallcross reg- 
ularly produces the widest selection of highly reliable 
ceramic and encapsulated wirewound resistors avail- 
able today. 

Inquiries for specific types will receive prompt atten- 
tion. SHALLCROSS MANUFACTURING Company, 10 
Preston Street, Selma, N. C. 


SHallerass 


“See Us at the IRE Show—Booth 2634” 
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NEW PRODUCTS 


VIBRATION PICKUP 

Manufacturer claims that this new 
Type II vibration pickup, called the 
“Vibramite”, is the only eddy current 
damped unit available today with a 
flat response curve over its full operat- 
ing range. Tests indicate that ac- 
celerations up to 50 g continuous or 
100 g intermittent will not damage 
the unit. 

Characteristics: 
Sensitivity: 96.3 mv per in. per sec 
Response: flat within 5 percent from 

40 to 2,000 cps 
Temperature: minus 85 to 500 deg F 
Size: 1.42 in. sq by 1 in. 
Weight: 2.75 oz. 
—MB Mfg. Co., New Haven, Conn. 
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WORLD'S LARGEST 


Photo above shows an end view of the 
world’s largest magnetic flowmeter 
being readied for transportation. 
Slated for installation in a new Pitts- 
burgh sewage plant, the meter has a 
bore of 72 in. and a length of 16 ft. 
In service, it will handle up to 350 
million gpd of raw sewage influent 
with no added pressure drop. Meter 
tube consists of layers of fiberglass 
cloth bonded by polyester resin. One 
end terminates in a Dresser coupling 





to facilitate connection to a 10-ft 
sewage tunnel; the other end is bonded 
to a flange—The Foxboro Co., Fox- 
boro, Mass. 
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PLUS. ... 


(221) The X-ray Dept., General Elec- 
tric Co., Milwaukee, Wis., has de- 
veloped a new X-ray gage for measuring 
low-density materials such as paper 
and fabrics. . . . (222) The Model 
0358-1 liquid level gage, recently in- 
troduced by Magnetic Instruments 
Co., Inc., Thornwood, N. Y., features 
measuring accuracies within ,, in. 
over a 10-ft range. . . . (223) a small 
differential switch used to sense rela- 
tive displacement between two shafts 
is now available from the Newton 
Co., Manchester, Conn. 


Circle 221, 222, or 223 
on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


NEW DESIGN ADDS LIFE 


A modified version of this company’s 
short-coil telephone-type relay features 
bifurcated contact arms with as many 
as 20 arms per relay. Design changes 
permit higher contact loads and pro- 
vide a longer, more reliable operating 
life. Designated the TS Series, these 
relays operate on as little as 100 mw 
per movable arm at up to 110 vdc, 
and will switch up to 4 amp at 115 
volts, 60 cycles, resistive Potter & 
Brumfield, Inc., Princeton, Ind. 


Circle No. 224 on reply card 


ULTRA-HIGH SPEED 


A brand new semiconductor switching 
device currently being used in experi- 
mental computer equipment is capable 
of switching current in about 50 tril- 
lionths of a sec or about twice as fast 
as can be measured on the best avail- 








PS-200 magazine open 


PRECISION INSTRUMENT COMPANY 


announces a NEW lightweight 


TAPE 
RECORDER 


= Transiaton 
Mat Ca 


Only 60 Ibs., a» 
17%2"h, 1542" w, 10°d 


Electronics 
completely self-contained 


*Magagine-Loading 


Modular construction 
Up to 14 channels 
“nd of tape sensing 


Tape speeds 
of 1% te 60 ips 


Installing the magazine 


KEY SPECIFICATIONS 


FM SYSTEM: Frequency response +% db 0-10kc, S/N ratio 43 db, 1.5% total 
harmonic distortion, 2% drift 40° to 120° F., linearity 1%. DIRECT SYSTEM: Response 
23db 50-100,000 cps. POWER: 115 vac at 60/400 cps or 24 vde. FLUTTER: Less 
than .1% rms de to 300 cps or .9% peak-to-peak wideband at 30 ips. PS-200 shown 
contains electronics for 7 record/reproduce channels. 14-channel unit requires 
cabinet 8” higher. 

Now in production, the PS-200 combi a multi-ch | precision laboratory re- 
corder with field portability. Your nearest PI engineering representative will 
gladly provide full information. For his name and complete technical data, 
please address Dept. C3. 


PRECISION INSTRUMENT COMPANY 


1011 COMMERCIAL STREET, SAN CARLOS, CALIFORNIA * PHONE: LYTELL 1-4441 


ME’s & EE’s, exciting opportunities open. Write today for full details. 
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New Adage Converters NEW PRODUCTS __ 


Offer Unilirmited able instruments. Heart of the new 


switch is a tiny semiconductor alloy 
junction made by fusing a speck of 
aluminum to a tiny piece of silicon. 
A small voltage pulse is used to trigger 
the current flow.—Sperry Semiconduc- 
tor Div., Sperry Rand Corp., Norwalk, 
Conn. 
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DELAYS FROM 1 TO 300 SEC 


This actual-size photo shows one of a 
new line of subminiature time delay 
relays designed for high-altitude, high- 
vibration, and high-temperature appli- 
cations. Units weigh 7 oz and have 
a seated height of 1#: in. Plug-in or 
solder terminals are optional. 
Characteristics: 
Vibration: 10 g, 5 to 1,000 cps 
Shock: up to 50 g 
Temperature: minus 65 to 125 deg C 
Heater voltages: to 150 volts, ac or de 
Contacts: spst, no or nc 
Power drain: 4 watts 


meat ~_ -Dialtron Corp., Brooklyn, N. Y. 
Unlimited Versatility? — a large statement. But the facts . \ d 
back it up! Voldicon will translate inputs from any source Circle No. 226 on reply car 
into any storage device. 

Name your input: thermocouple, strain gage, telemetry 

data, analog computer (there are too many possibilities to 

list here) . . . Name your output: magnetic tape, tape 

punch, printer, digital compu- 

ter .. . Voldicon will handle 

any combination. Write for full 

Whatever your needs there is 
a Voldicon model designed to 
answer your problems... well 
within your budget. 


NEW VOLDICON FEATURES: 
© New Transistor Design 
© New Speed — up to 10,000 
separate conversions per second 
© New Accuracy and Reliability 














Technical 
Specifications 


ACCELERATION SENSITIVE 


Operating on a unique principle, this 
new acceleration-sensitive switch is 
are continuously adjustable for sensitivity 
a = “Oa | to both positive and negative accelera- 
Department CE-3 292 Main Street mag | tions along a single axis. Heart of the 
Cambridge 42, Mass. unit is a seismic mass located in the 
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center of a dished element. Outer 
edge of the dished element is held by 
the switch housing. Force, a product 
of the fixed mass and its acceleration, 
causes this element to assume either 
of two stable positions. Switch con- 
tacts have a current carrying capacity 
of 2 amp max. Sensitivity of the unit 
shown on page 160 can be adjusted 
over a 30-g range, plus or minus.— 
Eastern Technical Associates, Inc., 
Concord, Mass. 
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CUT LAB EQUIPMENT COSTS IN HALF 








The Heathkit Mode! OP-1 Professional 
5” DC Oscilloscope is an example of 
the top quality test instruments avail 
able from Heath at % the price you 


RUGGED ENCLOSURE 2 > 9 : would enpect Se Re Ra 
The Bulletin 2210 Centrifugal Switch, > Ss , $179.5. 


housed in a tough molded resin enclo- 
sure, offers an overall adjustable speed 
range of from 70 to 5,000 rpm and 
may be adjusted while running. Two 
separate sets of contacts permit a single 
switch to control two different oper- 
ations. Unit measures 73 in. long by 
3%6 in. high and 33 in. wide.—Euclid 
Electric & Mfg. Co., Madison, O. 
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SKELETON SWITCH 


Designed for use by original equip- 
ment manufacturers or in industrial 
installations where controls are housed 
in a common cabinet, the Model 
404 unhoused, dual-setting pressure 
switches operate on either gas or 
liquid pressure. Insensitive to vibra- 
tion, they can be mounted in any po- 
sition. Accuracy, repeatability, and 
other characteristics are comparable to 
housed models released earlier by this 
company. 

Characteristics: 
Proof pressures: 30 in. Hg vacuum to 
150 psi 
Switching elements: spdt, with auto- 
matic reset 
Pressure settings: two, covering any 
range between 30 in Hg vacuum and 
100 psi 
—Pressure Switch Div., 
Valves, Los Angeles, Calif. 
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Barksdale 


PLUS. ... 


(230) United Electric Controls Co., 
Watertown, Mass., has announced the 


Heathkits give you twice as much equipment 
for every dollar invested. 


The Heathkit Model V-7A is the 

argest selling VTVM 

% resistors are used in 
the voltage divider circuit for high 
accuracy and an etched circuit 
board simplifies assembly and 
cuts construction time in half 
Price of this outstanding kit is 
only $25.95 


The Heathkit Mode 4 Variat 

Voltage Regulated Power Supply 

Kit is another outstanding ex 

ample of Heath Company engi 
9 ingenuity. Truly protes- 
i 


Mail the coupon today 
for the latest catalog 
describing over 100 

easy-to-build, high quality 

electronic kits. 
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Stretch your test equipment budget 
by using HEATHKIT instruments 
in your laboratory or on your pro- 
duction line. Get high quality equip- 
ment without paying the usual 
premium price by letting engineers 
or technicians assemble Heathkits 
between rush periods. Compre- 
hensive step-by-step instructions 
insure minimum construction time. 
You'll get more equipment for the 
same investment and be able to fill 
any requirement by choosing from 
more than 100 different electronic 
kits by Heath. These are the most 
popular “do-it-yourself"’ kits in the 
world, so why not investigate their 
possibilities in your business. Send 
today for the free Heathkit catalog! 


HEATH COMPANY 
(FD. subsidiary of Daystrom, Inc. 


Benton Harbor 36, Michigan 
Please send the latest Free Heathkit Catalog. 





ADDRESS 





CITY 
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NEW PRODUCTS 


eukienree Pavan nt POSITIONER [ | CONTROL 


teh Reet Sanka ‘agai a * psy ee A addition of five new model 
ai eee ; s to its J40 
: RIGHT ‘ line of lightweight pressure switches, 
iv ; extending the overall range of the line 
: to 0 to 350 psi. . . . (231) the PA-070 


spring return switch, developed by 
DES END _ Centralab Div of Globe-Union Inc., 
- Milwaukee, Wis., features an im- 
proved type of construction that elim- 
inates the use of costly coil springs. 
. (232) a new solenoid-operated 
unidirectional rotary switch, consisting 
of six poles with 24 nonshorting posi- 
tions per pole, is available from The 
Daven Co., Livingston, N. J. 
(233) Barksdale Valves, Los Angeles, 
Calif., recently introduced a pressure 
switch for sensing differentials from 5 
to 140 psi in oil systems with working 
pressures from 50 to 6,000 psi. 
Circle No. 230, 231, 232, or 233 


on reply card 


3) / Y peiuaiiee POWER SUPPLIES 


SYNCHRO POSITIONER 


Accuracy: Within 6 min. of arc 
when driven by either motor. 








COMMAND COMMAND SYNCHRO AUTO PILOT | 
































Incremental shaft rotation: 2 
degrees. 


HIGH-GAPACITY 


Designed for all types of hydraulic 
components, this compact power unit, 
called the “Pack-Horse’”’, provides 
flow up to 3.5 gpm at pressures to 
3,000 psi. Well-suited for use as a 
standby power source, the unit con- 
tains all necessary safety and control 
features. Its integral heat exchanger 
This is one of the many applications for the Stepper insures cool operation and connects 
Motor — a device for translating electrical pulses to any plant’s compressed air line.— 
into accurate, bi-directional, incremental shaft dis- M. B. Stungis, Inc. St. Louis, Mo. 
Circle No. 234 on reply card 
placements. 


The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com- 
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc 


7442 West Wilson Avenue * Chicago 31, Illinois POWER INVERTER 
@ WEST COAST . . . 1732 W. SLAUSON AVE., LOS ANGELES 47, CALIF. 
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This compact transistorized power in- 





verter helps to get maximum perform- 
ance from ac gyros and motors by pro- 
ducing an ac sine-wave output from a 
battery line source. Its sinusoidal out- 
put avoids the heat-producing har- 
monics of square-wave operation. Op- 
erating the transistors as saturated 
switching elements maintains effi- 
ciency. 

Characteristics: 
Input voltage: 24, 26, or 28 vdce 
Output voltage: 26 and 115 vac 
Output frequency: 400 cps, standard 
Output power: 40 va 
Weight: 32 0z, complete 
—Arnold Magnetics Corp., Los An- 
geles, Calif. 
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NEW BUTTON CELLS 

Slightly thicker than a five-cent piece 
and weighing only 4 oz, these new 
rechargeable nickel-cadmium cells were 
designed for miniature and subminia- 
ture electronic applications. Ruggedly 
built, they exhibit no gasing during 
recharge, require no filling or electro- 
lyte, and can be discharged at cur- 
rents up to 10 times their normal ca- 
pacity. At proper charging rates, they 
can be recharged indefinitely without 
fear of damage. — Gulton Industries. 
Inc., Metuchen, N. J. 
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SHAFT SPEEDS TO 60,000 RPM 

The Model D-1309, a small, light- 
weight generator suitable for use in 
missile power supplies, develops 100 
watts of power at 6,000 cps with shaft 
speeds to 60,000 rpm. Design fea- 








(P,. 


Polarized magnetic latching 


Sigma Series 32 Relay 


...and it’s 


NOW AVAILABLE ACTUAL SIZE 


Sigma Series 32 DPDT polarized mag- 
netic latching relays are now in full 
production and for sale actual size. Your 
incoming inspection dept. no longer need 
maintain postage stamps, paper clips, 
coins, matchbooks, loupes, grapes and 
other popular size standards; Sigma 
manufacturing tolerances and an elec- 
tronic sanforizing process hold max. “32” 
dimensions to 0.800" x 0.400" x 0.900" 
high (including wiring diagram printed 
on side). You can even measure a “32” 
today and come back a week later and 
it will still be the same size. That's uni- 
formity you can work with! 


Now that the problem of dimensional 
parameters has been conquered with 
characteristic Sigma efficiency, other 
"32" facts of general interest deserve 
mention. If you’re looking for vibration 
immunity, a "32" probably has more in 
its favor than any other presently avail- 
able relay of this type (if we’ve correctly 
gauged the rest of the field). Associated 
shock tests show that the contacts won’t 
open, with the relay energized or de- 
energized, under 100 g wallops. Operate 


time of the “32'’is 2to 20 milliseconds, de- 
pending on overdrive, and max. contact 
bounce is 300 microseconds. Standard 
operating sensitivities are 50 mw. for a 
single-coil relay, 100 mw. for each coil 
of a dual-coil relay. 


Choice of either single or dual coil ver- 
sions gives you some freedom in circuit 
hook-up: where the single-coil type 
must have a signal of both the correct 
polarity and magnitude to cause arma- 
ture transfer from one fixed position to 
the other, a dual -coil “32” can be made 
to trip simply by changing the power 
level (assuming the presence of a refer- 
ence bias and that you’ve got the + 
and — on the right pins). 


Production of the Series 32 is now going 
full blast and they’re all coming through 
with a circuit diagram instead of “Merry 
Christmas” printed on the side. Goodly 
quantities are deliverable right now and 
nothing would please us more. If you're 
still not clear on the size reference 
problem, write for the 39” bulletin. 


IT’S BIGGER THAN BOTH OF US — WE'LL BE THERE AT BOOTH 2631 - 33. 


SIGMA 


SIGMA INSTRUMENTS, INC. 
69 Pearl St., So. Braintree 85, Mass. 


AN AFFILIATE OF THE FISHER - PIERCE CO. (eines 1998) 
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BUILD ON... 


NEW PRODUCTS 


CONTROL EXPERIENCE: 


SERVO 


Typical assignment: design and develop 
a missile elevon control servo with a single 
hydraulic power supply and three actua- 
tors. Weight and space considerations 
critical. 

Solution: a system designed and built 
around the Eastern E/HS 5 type 100A 
hydraulic power supply, using a 400-cycle 
motor. Minus motor, but including pump, 
reservoir, expansion chamber, pressure 
regulating valve and filter, the supply 


tures low internal impedance, low 
starting torque, low inertia, and short 
circuit protection. Unit weighs 6.5 
oz and measures 1.5 in. in diameter 
by 1.67 in. long.—D&R, Ltd., Santa 
Barbara, Calif. 


Circle No. 237 on reply card 


aA... 


(238) A brand new all-transistor 0 to 
1 amp power supply, by Lambda Elec- 
tronics Corp., College Point, N. Y.., 
is available with or without meters 
and carries a full five-vear guarantee. 
. . . (239) Mid-Eastern Electronics, 
Inc., Springfield, N. J., offers a 0-to-36- 
vde transistorized supply with line 
and load variations limited to less 
than 0.1 percent. . . . (240) A 28-vde 
filament supply, with metal base and 
octal plug base, was recently intro- 
duced by C. J. Applegate & Co., 
Boulder, Colo. . . . (241) Perkin Engi- 
neering Corp., FE] Segundo, Calif., has 
developed a dual-output, 12-kw dc 
power supply for industrial applica- 
tions and research programs 


weighs only 2.6 lbs. 
Eastern achieved a 20% saving in hy- 
draulic power supply capacity by the use 
of one of its own pulse length modulated 
single-stage servo valves, manifolded to 
each actuator. Zero first stage leakage, 
zero hysteresis, plus the high response 
and efficiency which characterize this 
valve contributed to the successful meet- 
ing of the demanding requirements. 
Specifications: 

force level: 300 Ibs. 

total stroke: 1/2 in. 

max. velocity: 1.5 in./sec. 

time constant: 0.1 sec. 

max. actuator width: 1.25 in. 

For genuine contributions to the solu- 
tion of your servo problems, call in 
the Eastern engineer. 


fuel controls e 
EASTERN 


INDUSTRIES 
INCORPORATED 


100 SKIFF STREET 
HAMDEN 14, CONN. 
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ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


servo-valves e actuators 


SPLIT-BODY VALVES 


Built to conform. to accepted ISA 
standards for face-to-face dimensions, 
this new line of split-body control 








valves is well-suited for high-tempera- 
ture, high-pressure applications. Uni- 
tized construction of all major compo- 
nents makes it possible to develop 432 
different valve combinations from a 
single split body. According to the 
manufacturer, these valves offer the 
highest capacities available in_ this 
type of construction.—Kieley & Muel- 
ler, Inc., Middletown, N. Y. 
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FOR AIR TO 1,500 PSI 


Pictured is the Model 610 four-way 
pneumatic servovalve, counterpart to 
the company’s Model 410 hydraulic 
unit announced earlier (CtE, Dec. ’58, 
p- 93). Like the hydraulic unit, the 
Model 610 will also pass 200 micron 
particles in both first and second 
stages, and cannot become unbalanced 
due to gas contamination. Operating 
air pressures range from 300 to 1,500 
psi; temperatures, from minus 65 to 
250 deg. F.—Raymond Atchley, Inc., 
Los Angeles, Calif. 
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OPERATES AT 600 DEG F 


This new torque motor, Model 103-2, 
makes it possible to use electrohy- 
draulic or electropneumatic  servo- 
valves and similar devices in high- 
temperature applications without com- 
plicated cooling systems or thermal 













did george really cross the river... 
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...{0 get his silver dollar back? 


* 
Could be. 


Crossing rivers is 
traditional with 


Americans, and 





here is the result of 








Wiancko’s latest effort: 


HIGHEST ACCURACY—DC OUTPUT PRESSURE TRANSDUCER 


Compare these specifications 





ae 


Ovtput voltage .................. 0-5 v dc; into 250,000 ohm load 
© Wig vibration vertetenee Ts oo eeccseeneesS to 0-10,088 pel 


* No friction effects Hysteresis 0.1% of pressure span or less 


Linearity .. 
* Constant output impedance | , 


0.5% of pressure span or less 





lerati si Daal 0.001% to 0.05% /g (depending 
on range) 30 g max. 


‘ ti 
* Continuous resolution Weight .. 


served 1.2 Ounces 














Are you interested in crossing the river? Simply fill out and send in coupon below. 


WIANCKO ENGINEERING COMPANY 


255 North Halstead Avenue * Pasadena, California 









NAME TITLE 
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STATE COMPANY 
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TWIN: CONTACT 
MINIATURES 


DC-AC 
CHOPPERS 


Eleven types, 
both single and 
double pole. 


Long life. 
Low noise level. 
Extreme reliability. 


Write for 
Catalog 515. 


STEVENS 


INCORPORATED 


ARNOLD 


ELKINS STREET 
SOUTH BOSTON 27, MASS 


SEE US AT THE 1.R.E€. SHOW—BOOTH 2934 





NEW PRODUCTS 





lag provisions in the overall design of 
the system. 

Characteristics 
Midposition force: over 8 Ib 
Stroke: plus or minus 0.008 in. 
Power: requires only 4 watts 
Dimensions: 14 by 1té by 13 in. 
Weight: 10 oz 
—American Measurements & Control, 
Inc., Waltham, Mass. 
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COMBINES FUNCTIONS 


Called a “Damperator”’, this new dual- 
purpose hydraulic device combines the 
functions of a flutter damper and ro- 
tary actuator. An electronic servo sys- 
tem provides precise rotary motion 
control with uniform damping rates 
over a wide temperature range. De- 
signed for installation on rudders and 
other control surfaces, the unit offers 
airframe manufacturers important sav- 
ings in weight and hardware.—Houd- 
aille Industries, Inc., Buffalo, N. Y. 
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FOR MISSILE SYSTEMS 


Two new pneumatic solenoid valves 
feature rather unique characteristics. 








| 
| 








work in the fields of the future at NAA 


ELECTRONIC | 


SYSTEMS 
ENGINEERS 


Work on America’s most 
advanced weapon systems 


At North American Aviation 
work on such top-level projects 
as the B-70 and F-108 weapon 
systems and the X-15 manned 
space aircraft has created 
unique careers with a tremen- 
dous engineering potential. 
Openings exist for 

Top-Level Systems Engineers 
interested in performing ap- 
plied research for the labora- 
tory evaluation of such complex 
electronic systems as fire con- 
trol, bombing systems, mission 
and traffic control systems, air 
data, and automatic flight con- 
trol. Evaluation consists of the 
integration of related electronic 
systems and related interfer- 
ence problems. 

Other top-level positions are 
available in radome develop- 
ment, antenna development, 
and infra-red. 

Minimum requirements are ac- 
tual experience plus B.S., or 
advanced degree in E.E. and 
Physics. 

For more information please 
write to: Mr. K. C. Stevenson. 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 


THE LOS ANGELES DIVISION OF N 


NORTH 
AMERICAN 
AVIATION, INC. 
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IMPORTANT: Circle key numbers below and mail before June 1, 1959 


10 20 3 40 50 70 80 90 100 110 120 130 140 150 160 170 180 190 
11 21 3h 4) $1 71 81 OF = 100 131 127 131 141 151 161 171 181 191 
12 22 32 42 52 72 82 92 112 122 132 142 152 162 172 182 192 
13 23 33 «43 53 73 83 93 113 123 133 143° 153 163 173 183 193 
14 24 44 54 74 84 94 114 124 134 144 154 164 174 184 194 
15 25 45 55 75 85 95 115 125 135 145 155 165 175 185 195 
16 26 4 56 76 86 % 116 126 136 146 156 166 176 186 196 
17 27 47 57 77 87 W 117 127 137 147 157 167 177 187 197 
18 28 58 78 88 98 118 128 138 148 158 168 178 188 198 
19 29 59 89 699 119 129 139 149 86159 169 179 189 199 


Cenouson— 


210 220 250 280 290 310 320 330 340 350 360 370 380 390 
211 221 251 281 291 311 321 331 341 351 371 381 391 
212 222 252 282 292 312 322 332 342 352 372 382 392 
213 223 253 293 313 323 333 343 353 363 373 383 393 
214 224 254 294 314 324 334 344 354 364 374 384 394 
215 225 255 295 315 325 335 345 355 365 375 385 395 
216 226 256 296 316 326 336 346 356 366 376 386 396 
217 227 257 297 317 327 337 347 357 367 377 387 397 
218 228 258 298 318 328 338 348 358 368 378 388 398 
219 229 259 269 279 289 299 319 329 339 349 359 369 379 389 399 
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One of these 
handy prepaid 
post cards will 
bring you detailed 
information 
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C) Enter subscription to CONTROL ENGINEERING for one year and bill me for the $5 cost 


Name Title 





Company 





Address City 
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GET 


Nore information About 


1. Advertised products 
2. New product items 
3. Catalogs and bulletins 


All advertisements, new products and literature items are numbered for your convenience 


FO OEE EEE EEE EEE EE EEE EEE EEE EE EEEE EEE EEE EEE EE EEE EEE EE EERE ERE tt et te tee te -- 


IMPORTANT: Circle key numbers below and mail before June 1, 1959 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 
11620) «31 4d 51 61 71 81 91 101 131 123 331 141 151 161 171 181 
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 
13 23 33 «43 53 63 73 83 93 113.123 133 143° «+153 163 173 183 
14 24 34 44 54 64 74 84 94 114 124 134 144 154 164 174 184 
15 25 35 45 55 65 75 85 95 115 125 135 145 155 165 175 185 
16 26 36 46 56 66 76 86 % 116 126 136 146 156 166 176 186 
17 27 W 47 57 67 77 87 97 117 127 137 147 38157 167 177 187 
18 28 38 48 58 68 78 88 98 118 128 138 148 158 168 178 188 
19 29 39 49 59 69 79 89 99 119 129 139 149 §=69159 169 179 189 199 
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HOW TO USE THESE CARDS: 


210 220 230 240 250 260 270 280 290 310 320 330 340 350 360 370 380 390 
211 221 231 241 251 261 271 281 291 311 321 331 341 351 361 371 381 391 
212 222 232 242 252 262 272 282 292 312 322 332 342 352 362 372 382 392 
213 223 233 243 253 263 273 283 293 313 323 333 343 353 363 373 383 393 
214 224 234 244 254 264 274 284 294 314 324 334 344 354 364 374 384 394 
215 225 235 245 255 265 275 285 295 315 325 335 345 355 365 375 385 395 
216 226 236 246 256 266 276 286 296 316 326 336 346 356 366 376 386 396 
217 227 237 247 257 267 277 287 297 317 327 337 347 357 367 377 387 397 
218 228 238 248 258 268 278 288 298 318 328 338 348 358 368 378 388 398 
219 229 239 249 259 269 279 289 299 319 329 339 349 359 369 379 389 399 


1. Find the key number on 
item of interest 


88888 
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Circle this number on one 
of the cards 


$888 


Mail card immediately 
C} Enter my subscription to CONTROL ENGINEERING for year and bill me for the $5 cost 


Name Title 





Company 
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Address 











BUSINESS REPLY MAIL 


First Class Permit Me. 64, (Ser. P. i. & R.) New York, M. Y. 











Reeder Service Department 1 (3-5?) 


CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 








INSTRUCTIONS 


Use these reader service cards 
to get more information on 


advertised products, new product rtems 
or catalogs and bulletins 
appearing in Control Engineering 





Circle number on card that 
coincides with key number 
listed at bottom or 

adjacent to item of interest. 


Fill in your name, title, 
company and address. 


Mail card immediately. 





BUSINESS REPLY MAIL 


Fret Class Permit Me. 64, (ler. P. b. & R.) Mew York, © Y. 











Rvede: Servies Department 2 (3-8?) 


CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 











NEW PRODUCTS 


The one on the left is claimed to be 
the smallest 3,000-psi unit ever made; 
that on the right, the fastest. The 
small one operates on 14 to 30 vdc at 
0.5 to 1.5 amps with a temperature 
range of minus 75 to plus 350 deg F, 
and has a 100-to 10,000-cycle life, 
depending on operating conditions. 
The large unit offers an operating 
pressure range of 80 to 3,250 psi, 
draws 1.2 amps at 28 vde, and has a 
response time of only 0.018 sec. 
—Walter Kidde & Co., Belleville, N.J. 


Circle No. 246 on reply card 


COMPONENTS 
AND 
ACCESSORIES 


SERVO AMPLIFIER 


Shown is a brand new magnetic ampli- 

fier package developed for aircraft and 

missile applications. | Hermetically 

sealed, the unit provides a push-pull 

de outlet for proportional control of 

hydraulic transfer valves used in flight- 

control systems. Its low-emissivity 

finish permits operation at extremely 

high radiant energy levels. 
Characteristics: 

Input range: minus | volt to plus 1 

volt 

Maximum output: 15 ma at 15 volts 

Gain: externally adjustable 

Overall length: 44 in. 

Weight: 10 oz 

—Vickers, Inc., St. Louis, Mo. 


Circle No. 247 on reply card 


ALL-METAL POT 


A new precision 10-turn potentiom- 
eter, Model 590, operates over a tem- 
perature range of minus 65 to plus 
200 deg C, and in resistance ranges 
from 25 to 120,000 ohms. Only 1 in. in 
diameter, these units feature all-metal 
construction of machined aluminum, 





W&T 
PRECISION 
ANEROID 
MANOMETER 
FA-129 


ACCURACY 
0.1% 


PRECISE CALIBRATING STANDARD 
...- For Absolute Pressure Work 


Ranges: 0 to 31.5 inches of Hg. absolute (min.) 
0 to 100 inches of Hg. absolute (max.) 
Other intermediate ranges available 


Accuracy: 1/1000 of full scale 
Sensitivity: 1/10,000 in all ranges 
Scale Length: 45 inches in two revolutions 
Dial Size: 8¥2 inch diameter 
Write for Publication No. A-112.28 


WALLACE & TIERNAN INCORPORATED 





25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
IN CANADA! WALLACE & TIERNAN LTD.,WARDEN AVE., TORONTO 13, ONT. 
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CHLORINATOR OR 
SULFONATOR 


RECORDER — CONTROLLER 


4A 


— | “ 





OR.P CELL 





"CYANIDE OR HARMLESS 
anne = = ste 





An oxidation-reduction potential cell, monitoring treated waste 
provides the signal for recording and controlling treatment 
chemical quantities in a typical W&T waste treatment system. 


For Full information on 
Industrial Waste treat- 
ment write Dept. 1-66.28 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
tn Canede, Wallace & Tiernan, i'd. — Torente 
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LABORATORY QUALITY AT 


MASS-PRODUCTION PRICES 


... With Bendix temperature- 
compensated tachometer generators 





Bendix has the facilities to give you all the precision and accuracy 
you want in tachometer generators—at volume production prices. 
And our volume production means delivery when you want it. 

Most important of all, Bendix Tachometer Generators feature 
laboratory quality because of unique, high-precision manufac- 
ture and extensive test facilities. For example, these generators 
deliver accuracies within 1/10 of 1% over a wide speed range 
due to calibration by specially built Bendix production test 
equipment. Further, they’re temperature-compensated over a 
range from —55°C to +125°C., 

Bendix Tachometer Generators are available in frame sizes 
10, 11, 15 and 23—and offer the latest developments in minia- 
turization, integral motors, and other desirable features. 


THE STEP THAT PAYS. Find out today how the Bendix 
“Supermarket” gives you more tachometer generator for your 
money—how it can meet your needs promptly, efficiently and 
economically. 


Eclipse-Pioneer Division ~S. . 
P Teterboro, N, J. end” 


District Offices: Burbank and San Francisco, Calif.; ' 
Seattle, Wash.; Dayton, Ohio; and Washington, 
D. C. Export Sales & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N. Y. 


“TRY THESE 
PRECISION COMPONENTS 
FEATURED AT THE 


BENDIX 
SUPERMARKET 
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NEW PRODUCTS 


with the helical coil directly against 
the case for maximum heat dissipa- 
tion. Glass-sealed terminals are 
flashed with precious metal. 

Other characteristics: 
Linearity: within 0.3 percent 
Vibration: over 20 g from 55 to 2,000 


cps 

Shock: 30 g 

Humidity: 95 percent 

—Spectrol Electronics Corp., San 
Gabriel, Calif. 


Circle No. 248 on reply card 


PREVENTS ARCING 


This modular, plug-in, transistorized 
circuit is designed to drive all types of 
self-selecting brush V-scan encoders. 
Controlled by the least significant 
digit of the encoder, it provides a 20- 
volt output of up to 25 ma for the 
first pair of logic brushes. A trans- 
conductance amplifier stage extends 
encoder life by limiting voltage and 
current on the encoder’s least signifi- 
cant digit, and thus preventing arec- 
ing.—Norden Div., United Aircraft 
Corp., Milford, Conn. 


Circle No. 249 on reply card 


TINY SHIFT REGISTER 


The Model SR-104 miniature shift 
register, shown above, is a one-core- 
per-binary-bit unit, with a 5-kc infor- 
mation rate and a signal-to-noise ratio 
of.10:1. In operation, a 7-ma, 10-psec 
input pulse followed by a 300-ma, 
8-usec shift pulse produces a 22-volt, 





14-ysec output pulse. Operating tem- 
perature range is minus 55 to 125 
deg C. Total volume of the unit, en- 
capsulated in an epoxy compound, is 
only 0.2 cu in—ESC Corp., Palisades 
Park, N. J. 


Circle No. 250 on reply card 


NEW VERTICAL GYRO 


Erection system used in this Se- 
ries 1080 gyro features two single- 
axis, gravity-sensing electrolytic-type 
switches. In the gyro motor, inner 
bearing race rotation provides maxi- 
mum bearing life. Flexible design al- 
lows the 1080 to be made into a di- 
rectional gyro or free gyro as well as 
a vertical gyro. Standard motor op- 
erates on 115 volts, 400 cps, three- 
phase. Unit draws 55 va while start- 
ing and 25 va when running. When 
used as a vertical reference, accuracy 
is within 0.25 deg for all headings.— 
Lear, Inc., Grand Rapids, Mich. 


Circle No. 254, on reply card 


FLAT READOUT LAMPS 


Pictured is a new readout lamp that 
uses the electroluminiscence phenom- 
enon to display, in a single plane, all 
the letters of the alphabet, all the 
numerals, and a number of symbols. 
Tests indicate that its 2}-in,,characters 
are clearly visible from 50 ft with am- 
bient lighting of 50 footcandles, and 
over an extremely wide viewing angle. 
Called the Alpha lamp, it has 14 
segments with which to form the 
various characters. Also available is a 


10-segment Numeric lamp capable of 
displaying all the numerals, 16 letters 
of the alphabet, and a few symbols. 
These Numeric lamps can be had 
with either 23-in. or 13-in. characters. 
Operating voltages are either 240 or 
460, at 60 to 400 cps. On the larger 
size, lamp and socket combined are 
less than 1 in. thick, and maximum 

wer consumption is below 0.2 watt. 
witching can be handled by relays, 
rotary switches, diodes, magnetic 
amplifiers, and other conventional 
means.—Westinghouse Electric Corp., 
Pittsburgh, Pa. 


Circle No. 252 on reply card 
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FOR MAGNETIC CORES 


A recently developed ferrite material, 
designated MN-31, offers high initial 
and maximum permeabilities together 
with high saturation magnetization 
and low losses in the frequency range 
from 10 to 500 ke. High inherent re- 
sistivity of the material prevents eddy 
current losses. Other characteristics 
include a Curie temperature of over 
180 deg C, excellent machinability, 
and uniform density.—Kearfott Co., 
Inc., Little Falls, N. J. 


Circle No. 253 on reply card 


PLUS. ... 


(254) Kearfott Co., Inc., Clifton, N. J. 
recently placed in production a new 
60-cycle transistorized servoamplifier 
for commercial and industrial appli- 
cations. . . . (255) The Series 308 
subminiature trimming potentiome- 
ters, offered by Daystrom Pacific, Los 
Angeles, Calif., feature complete hu- 
midity protection, exceptional envi- 
ronmental stability, and improved 
resolution. . . . (256) A new line of 
silicon power rectifiers, claimed to 
have current ratings 25 percent higher 
than others of similar size and cost, 
has just been announced by Vickers, 
Inc., St. Louis, Mo. . . . (257) Ad- 
vanced Research Associates, Inc., Ken- 
sington, Md., now has a silicon 
composite pnp transistor that is ther- 
mally compensated for operation at 
temperatures up to 200 deg C. 


Circle No. 254, 255, 256, or 
257 on reply card 





P.S. and don’t forget these 
other quality products at the 


BENDIX 
“SUPERMARKET” 


With our greater variety and 
greater volume of the precision 
components listed below, we 
have become the “supermarket” 
of the industry. We feature fast 
delivery and mass-production 
economy—plus the highest pre- 
cision quality. 


400-CYCLE SYNCHROS 
(Frame sizes: 8, 10, 11, 15, 22 


Control Transformers « Differ- 
entials « Receivers « Resolvers 
¢ Transmitters 


GYROS 
Directional, Free, Rate, Roll 
and Vertical Gyro Transmitters 
¢ Stable Platforms 


MOTORS AND GENERATORS 
Gear Head Motors and Motor 
Generators « Low-Inertia Servo 
Motors « Motor Generators « 
Rate Generators 


PACKAGED COMPONENTS 
Analog-Digital Converters « 
Azimuth Counters « Cam Com- 
pensators « Clutched Synchros « 
Dual-Speed Synchros « External 
Slip-Ring Synchros + Follow-Up 
Mechanisms « Miniature Dif- 
ferential Gear Assemblies « 
Servo Assemblies 


RADAR DEVICES 
Airborne Radar Antennae « 
Ground Antenna Pedestals 


YoB\BS 


You Can't Beat The Bendix 
“Supermarket”. Try us. 


Eclipse-Pioneer Division 


MARCH 1959 
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PARADOXES 
FOR COMPUTER SYSTEMS ENGINEERS 


Modern military requirements for airborne avionic 
equipments present to the computer designer 
the paradox of great system complexity with the 
constraining factors of extremely high reliability 
and new orders of miniaturization. Solutions 
which reflect in the ultimate equipment design 
must include sophistication in the original 
approach to the system...in mathematical proc- 
esses...and in logical design, as well as new 


hardware concepts. 


This paradox presents real challenges to the 
ingenuity of scientists and engineers who are 
engaged in important weapons systems work 
being done by our Computer and Control Sys- 
tems Laboratory. If you have a knowledge of 
modern airborne weapons systems, including the 
aspects of data collection, processing, and real 
time digital control functions, you may wish to 


work on new and very comprehensive Litton 


Industries programs. 


Mechanization of logic wiring, predetermined 
in optimum form by computer simulation, 


is discussed by W. Ruppenthal and W. Reimann 


INDUSTRIES Electronic Equipments Division 
336 North Foothill Road, Beverly Hills, California 


CONTROL ENGINEERING 





ENGINEERS 


and 


SCIENTISTS 


interested in working in such 
fields as Computer Systems, 
Inertial Guidance and Control, 
Radar and Countermeasures, 
and Tactical Data Processing 
Systems are invited to call the 


LITTON INDUSTRIES 
representative 


Mr. C.T. PETRIE 
at 


THE WESTERN 
JOINT COMPUTER CONFERENCE 
San Francisco 
March 3-5 
Mark Hopkins Hotel 
EXbrook 2-3434 


THE I.R.E. CONVENTION 
New York 
March 23-26 
Convention Hotel 
PLaza 5-4225 





BULLETINS AND 
CATALOGS 





(300) WIRES & CABLES. John A. Roe- 
bling’s Sons Corp. Catalog J-923, 56 pp. 
Covers a complete line of rubber and ther- 
moplastic insulated power and control 
cables. Photos, sketches, and tables in each 
subsection provide complete details on 
copper and aluminum conductors, various 
types of rubber and plastic insulations, 
nonmetallic and metallic sheathing mate- 
rials, and recommended shielding prac- 
tices. 

(301) MAGNETIC AMPLIFIERS. Vick- 
ers, Inc. Bulletin E-PD-1296-5, 4 pp. 
Gives full specifications on the company’s 
1290 Series gapless-core magnetic ampli- 
fiers, which consists of 18 models with 
orig outputs of from 500 va to over 32 
va. 

(302) NUMERICAL CONTROL, Ampex 
Corp. “Readout”, Vol. I, No. 2, 16 pp. 
Published by the Ampex Instrumentation 
Div., this bimonthly magazine contains a 
number of timely articles on the applica- 
tion of magnetic tape equipment. oF par- 
ticular interest in this issue is a four-page 
article on the economics of a tape-con- 
trolled skin miller. 

(303) PNEUMATIC CIRCUITS. West- 
inghouse Air Brake Co. Booklet, 24 pp. 
Entitled “Devices and Fundamentals of 
Air Circuitry”, this well-illustrated bro- 
chure shows how pneumatic components 
can be used to perform the basic logic 
functions, describes the operation of vari- 
ous types of valves and positioners, and 
demonstrates applications such as station 
transfer control, automatic cycling, and 
safety interlocks. 

(304) FLOW PICKUP. Ramapo Instru- 
ment Co. Brochure, 4 pp. Completely 
describes the Mark V Flow Transducer, a 
device designed specifically for measuring 
single or bidirectional flow. A section on 
general specifications covers such details 
as range, operating pressures and tempera- 
tures, frequency response, line sizes, and 
materials. 

(305) SERVOMOTORS. Norden Div., 
United Aircraft Corp. Bulletin 385A, 10 
pp. Contains application data for both 
standard and custom servomotors, includ- 
ing schematics for vacuum-tube, transistor, 
and magnetic-amplifier operation. 

(306) CONTINUOUS ANALYSIS. Beck- 
man/Scientific & Process Instruments 
Div. Bulletin CL-4000, 8 pp. Provides de- 
scriptive information on a complete line 
of process stream analyzers, including in- 
dustrial pH equipment, gas chromato- 
graphs, infrared analyzers, and oxygen an- 
alyzers. 

(307) PROCESS CONTROLS. B-I-F In- 
dustries, Inc. Bulletin No. 100-R5, 8 pp. 
Photos and sectional drawings illustrate 
descriptions of 12 products designed for 
the positive control of materials in motion. 
These include flowmeters, valves, position- 
ers, supervisory controls, telemetering 
equipment, and some special-purpose de- 
vices. 

(308) COMPACT ANNUNCIATOR. 
Panellit, Inc. Bulletin 103, 4 pp. Reviews 
the more important features of the com- 
pletely integrated, space-saving Series 61 





4 Ounce 

Contact Force 
Makes Relays 
More Reliable 


Contact force of 4 ounces per 
contact on 50 “G” models and 2 
ounces per contact on 30 ‘‘G”’ 
models of “Diamond H” Series R 
and Series S miniature, hermeti- 
cally sealed, aircraft type relays is 
one of the most important factors 
in their proven high reliability. 

Though absolute reliability of 
any similar device is impossible to 
guarantee—a bitter fact of life 
recognized by all electronic engi- 
neers—close approach to this goal 
by the relays manufactured by 
The Hart Manufacturing Com- 
pany is the basic reason they are 
found today on many of this coun 
try’s headline-making missiles. 

In addition to contact force far 
beyond that found on other relays, 
“Diamond H”’ relays have greater 
contact cleanliness. Self-contami- 
nation is virtually eliminated by a 
completely inorganic switch 
mechanism, as well as use of coil 
materials which will not dust, flake 
or out-gas. 

Finally, the high degree of re- 
liability that is designed into these 
relays is maintained in their man- 
ufacture by high quality workman- 
ship and a stringent inspection 
policy at every stage. 

In addition to missiles, and their 
ground control systems, Series R 
and S relays are designed for use 
in jet engine controls, computers, 
fire control, radar and similar 
critical applications. 

4PDT units, they offer an ex- 
tremely broad range of perform- 
ance characteristics, including 
temperature ranges from —65° C. 
to 125° and 200° C.; ratings to 10 
A., 120 V., A. C., and 26% V., 
D. C., with special ratings to 400 
ma. at 350 V., D. C., or down to 
millivolts and milliamperes. Dry 
and wet circuits may be safely 
inter-mixed. 

For more information, write 
today for Bulletins R250 and 
$260. For quick facts about 
“Diamond H’’ switches, ther- 
mostats and other devices, ask 
also for a copy of the ‘‘Diamond 
H”’ Check List of Reliable 
Controls. 


THE 
H A RT MANUFACTURING 
COMPANY 
165 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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2020 Series 
On-Off Control 
Air-To-Close 


On-Off Control 
Air-To-Open 


2031 Series 
Three-Way Valve 





DAHL 


‘“BANTAM’’ 


VALVES 


Dahl “Bantam” 2020, 2030 and 2031 series 
are highly compact, diaphragm-operated 
on-off valves, Each features the desired 
ruggedness and high quality of larger 
valves, and yet, allows appreciable savings 
in space. All have cast globe bodies for 
steam, liquid or gas applications. 

“Bantam” valves have excellent flow char- 
acteristics, low hysteresis and fast re- 
sponse. Use of TEFLON® packings eliminates 
frequent packing adjustment and greatly 
reduces maintenance. 


MAXIMUM Cv 40.0 
LIFT 5%” 
SEAT AREA 
CONNECTIONS 
PRESSURE RATING 











up to 3.1 sq. in. 
MY," to 2” N.P.T. 


150 psi for steam 
300 psi for liquid & gas 


8, 15, 50 sq. in. 











OPERATORS 














For more detailed information on 
“BANTAM” On-Off and Throttling 
Control Valves write 

Catalog B-1. 


GEORGE 


DAHL 


COMPANY, INC 





86 TUPELO STREET, BRISTOL, RHODE ISLAND 
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Bulletins & Catalogs 


annunciator, a system for monitoring 24 
to 96 points in the utility or continuous 
process industries. 

(309) CONNECTOR TESTING. The 
Deutsch Co. Report, 29 pp. This detailed 
report covers the laboratory testing of the 
company’s miniature electrical connectors. 
Tests of electrical, environmental, and 
physical characteristics are completely de- 
scribed, and the results tabulated. 

(310) INFRARED ANALYSIS. Perkin- 
Elmer Corp. Brochure, 22 pp. Leads off 
with an interesting section describing in- 
frared spectroscopy and where it is used. 
Main sections deal with the Model 137 
Infracard Spectrophotometer, its optical 
system, its performance, and some typical 
applications. 

(fi) HIGH-VOLTAGE CONTROL. 
Cutler-Hammer, Inc. Publication EN-162, 
16 pp. Discusses general features as well 
as individual characteristics of full- and 
reduced-voltage types of high-voltage con- 
trol for squirrel-cage, synchronous, and 
wound-rotor motors. 

(312) LOGIC MODULES. Hoffman 
Electronics Corp. “Semiconductor Appli- 
cation Notes”, Vol. I, No. 7, 8 p 
Seventh in a series on semiconductor appli 
cations, this issue describes 12 typical uses 
for Hoffman’s Magnalog logic modules, 
miniature semiconductor circuits mounted 
on a seven-pin plug-in base. 

(313) MAGNETIC HEADS. Ampex 
Corp. “Readout”, Vol. I, No. 1, 16 pp. 
Lead article in the first issue of this new 
company magazine describes the evolution 
that has taken place in the development of 
magnetic heads for tape equipment. Cites 
advantages of current designs. 

(314) CABLED TUBING. Crescent In- 
sulated Wire & Cable Co. Bulletin No. 
458, 12 pp. Covers a complete line of 
Armored Multitube cables for pneumatic 
and hydraulic applications in power plants, 
refineries, chemical plants, paper mills, etc. 
Photos illustrate the variety of types avail- 
able with from two to 37 tubes. 

(315) RELAYS & CONTACTORS. The 
Rowan Controller Co. Type “B” Folder, 
16 pp. Offers complete engineering data 
on two relays and six contactors with cur- 
rent ratings from 10 to 75 amp. IIlustra- 
tions include photos, circuit diagrams, per- 
formance curves, and dimension drawings. 
(316) MOTOR CONTROLS. The Arrow- 
Hart & Hegeman Electric Co. Condensed 
Catalog No. 14, 78 pp. Gives complete 
size, weight, and ratings information on a 
variety of motor control equipment. - Prod- 
ucts include manual starters, magnetic re- 
lays, magnetic contactors and starters, re- 
versing contactors and starters, combina- 
tion starters, pushbuttons and stations, and 
other controls and accessories. 

(317) INTEGRATING RECORDER. 
Minneapolis-Honeywell Regulator Co. 
Specification $153-20, 4 pp. Provides a 
detailed description of Honeywell’s Elec- 
troniK strip chart recorder with continuous 
integration. A simulated chart record illus- 
trates the action of the dual pipping pen 
that prints the record of peak integrations. 
(318) SWITCHING NSISTORS 
Sprague Electric Co. Enginering Data 








COMPUTER 

SPECIALISTS 

GROW PROFESSIONALLY 
WITH 

BURROUGHS 


Burroughs Corporation, 
ElectroData Division, has just 
completed the most successful sales 
year in its five-year history. In this 
dynamic, youthful organization 
new opportunities are constantly 
arising. For professionals who seek 
the advantages of a completely 
computer-centered company, 

in all its aspects, ElectroData 
Division has much to offer. 


Openings exist in Pasadena in 
Product Planning, Applied 
Programming, Publications and 
Training, and in scientific 

.and commercial applications. 


In the field, throughout the U. S., 
there are openings for Application 
and Programming Specialists 

who are interested in being part 
of.a sales operation, with all 

its variety, excitement and rewards, 


If you feel you can meet the 
standards of this quality-conscious 
organization, and if you want to 
participate personally in one of 

the most stimulating business 
dramas of the 20th century, contact 
the nearest Burroughs-ElectroData 
office —or write to Professional 
Personnel Director in Pasadena. 


Burroughs Corporation 
ELECTRODATA DIVISION 
PASADENA,CALIFORNIA 
“NEW DIMENSIONS /in electronics and data processing systems” 
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Sheet 2N501, 4 pp. Describes the Type 
2N501 micro-alloy diffused-base transistor 
for ultra-high-speed switching applications. 
Tables list maximum ratings, mechanical 
specifications, and electrical characteristics. 
(319) THERMOMETER WIRE. Secon 
Metals Corp. Brochure. Written to aid 
in better resistance-thermometer design, 
this booklet illustrates the resistance vs. 
temperature characteristic of various pure 
metals and alloys. Also covers the different 
types of enamels best suited for different 
temperature ranges. 

(320) POWER SUPPLIES. Lambda Elec- 
tronics Corp, Catalog, 36 pp. Presents 
the company’s full line of transistor- and 
tube-regulated power supplies. Photos 
show some typical applications. 

(321) AIR & HYDRAULIC VALVES. 
Beckett-Harcum Co. Bulletin, 8 pp. Dis- 
cusses the design features of the company’s 
HiCyclic line of air and hydraulic control 
valves, and tabulates operating characteris- 
tics and dimensions. 

(322) TEMPERATURE CONTROLS. 
Partlow Corp. Folder, 4 pp. Introduces 
the Model RVA recording pneumatic tem- 
perature cortrol, and the Model IVA indi- 
cating control. Table shows the tempera- 
ture ranges available. 

(323) PUSHBUTTON ACTUATORS. 
Micro Switch Div. of Minneapolis-Honey- 
well Regulator Co. Data Sheet 155, 2 pp. 
Shows two new pushbutton actuators de- 
signed for a wide variety of basic switch 
types. Photos illustrate mounting dimen- 
sions while a table covers selection of 
switch types for different purposes. 

(324) HYDRAULIC CYLINDERS. 
Hanna Engineering Works. Catalog 900, 
8 pp. Large cutaway view of a typical cyl- 
inder illustrates important design features. 
Tables provide mounting dimensions and 
cylinder capacities. Bulletin also contains 
a handy model selection chart. 

(325) THERMOWELL MATERIALS. 
Thermo Electric Co., Inc. Chart, 4 pp. 
Designed as a guide for thermowell users, 
this chart simplifies the selection of proper 
thermowell materials for different appli- 
cations. Four column heads are Industry, 
Application, Conditions, and Well Ma- 
terial. 

(326) CONTROL MOTOR. Rotron Con- 
trols Corp. Bulletin CM-13, 1 page. Photo, 
dimension drawing, and a list of specifica- 
tions are used to illustrate the more im- 
portant features of a new ]/6-hp industrial 
dc control motor. 

(327) CONTROL PANELS. General 
Electric Co. Bulletin GEA-6701, 4 pp. 
Discusses control panels and operator con- 
trol stations for use in metal rolling and 
processing industries. Line drawings show 
dimensions for different NEMA classes; 
photos illustrate six typical applications. 
(328) MOTION INDICATOR. The 
Bin-Dictator Co. Form 3547, 4 pp. De- 
scribes the construction, installation, and 
operation of the Roto-Guard motion indi- 
cator, a device for converting various types 
of motion into an electric signal. 

(329) SENSITIVE PHOTOMETER. 
American Instrument Co. Bulletin 2295. 
Offers complete information on a new 
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Model 101-C 


g OSCILLATOR 


sTABL 


Model 121-A 


Hycon Eastern Ultra Stable Oscillator, Model 101-C, is 
a one megacycle signal source of proven exceptional stability. 
It is useful wherever precise time measurements or frequency 
control are required, as in reinsertion of carrier in suppressed 
carrier systems, astronomical measurements, navigation systems, 
geophysics or other critical applications. 

Auxiliary highly stable outputs covering the spectrum from 
sub-audio to microwave can be made available through the use 
of Hycon Eastern FREQUENCY DIVIDERS, MULTIPLI- 
ERS, AND PHASE-LOCKED OSCILLATORS. 


Write for Ultra Stable Oscillator Bulletin. 





FREQUENCY STABILITY: Drift rate less than 1 part in 10° 
per day after initial stabilization. 

FREQUENCY: 1 megacycle, variable over a range of | cycle. 
Available at other frequencies on special order. 

CRYSTAL OVEN: Stabilized to better than 0.01°C by temper- 
ature-sensitive resistance bridge and high-gain heater control 
circuit. 

DISSIPATION IN “OSCILLATOR CRYSTAL: Stabilized ot a power 
level less than one microwatt to insure ultimate stability. 

2 OUTPUTS: Sine wave—4 Volts RMS; Pulse—1! Volt. 

OUTPUT IMPEDANCE: 250 Ohms nominal. 

POWER REQUIRED: 150 Volts, 100 MA, Regulated DC, and 6.3 
Volts, 3 Amperes, AC or DC. (Matching Power Supply available). 











HYCON EASTERN, INC. 


75 Cambridge Parkway Dept. J Cambridge 42, Mass. 
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For fast response, 
variable speed, 
small size... 


GENERAL ELECTRIC D-C 
HIGH POWER SERVO MOTORS 


For high performance servo applications 
—either commercial or defense. 


@ Speeds variable to standstill 
with smooth torque, low “‘slot- 
lock”’ effect. 

e Furnished with or without 
tach generator. 

@ RMS Thermal Ratings avail- 
able to drive FHP loads—with 
higher capabilities for special 
applications. 

@ Motors are totally-enclosed. 


FREE 


Write 


@ Ball-bearing construction. 


@ Peak torques from 7.7 Ib-ft 
in 6;55"” diameter, compensated 
shunt wound, to 30 Ib-ft in 814” 
diameter compensated perma- 
nent magnet field motors. 


© Low time constants and fast 
response. 


@ 1140 RPM and other higher 
base speed designs available. 


Ask for GEA-6831 


Section 634-23 


N.Y 


Schenectady 


BULLETIN GENERAL ‘i¢) ELECTRIC 
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trede | mark 


A DIRECT WRITING, LOW FREQUENCY OSCILLOGRAPH for: 


X-Y RECORDING Automatically draws curves directly from a 


variety of electrical data. 


CURVE FOLLOWING_____ With adaptor, regenerates functions from original 


curves traced with conducting ink. 


POINT PLOTTING Plots points directly from Keyboard; with trans- 
lator, plots from Card Punch or Tape Reader. 


FUNCTION vs TIME____ Automatically plots dependent variable against 


TIME, 


(5 Sweep Ranges) 


Send for detailed specifications: 


a 


MOSELEY CO. 


409 N FAIR OAKS AVENUE, PASADENA, CALIFORNIA 
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Bulletins & Catalogs 


absolute light-scattering photometer that 
permits studies of high-molecular-weight 
compounds, determination of particle sizes 
in the submicron ranges, and the record- 
ing of haze and turbidity in moving 
streams. 

(330) MERCURY SWITCHES. Gordos 
Corp. Catalog, 8 pp. Tables list physical 
and electrical characteristics of a complete 
line of mercury switches designed for vari- 
ous types of switching action at various 
differential angles. Model numbers of 
— Micro Switch and General 
Electric types are included for convenience. 
(331) DATA LOGGERS. Monroe Calcu- 
lating Machine Co., Inc. Brochure, 4 pp. 
Deals with the Series MC-203 Data/Log, 
an electrically-actuated printing machine 
that permits simultaneous entry of up to 
14 digits and has an automatically-indexed 
carriage that will handle paper widths to 
18 in. 


(332) ELECTRONIC TIMER TEST. 


Rectifier-Capacitor Div., Fansteel Metal- 
lurgical Corp. ReCap, Vol. 2, No. 5, 4 pp. 
Lead item describes a million-cycle test 
of a Wheaton electronic time delay relay 
that uses a Fansteel tantalum capacitor in 
its timing stage. Also discussed is a servo- 
motor drive for an airborne antenna. 
(333) AN INFRARED ACCESSORY. 
Perkin-Elmer Corp. Data Sheet IR-AC- 
008-58, 2 pp. Tells how a new infrared 
instrument accessory, the Dual Long Path 
Cell, can be used for air pollution studies 
and in the quantitative analysis of hydro- 
carbon mixtures 

(334) GAS ANALYZER. Mine Safety 
Appliance Co. Bulletin No. 0716-2, 4 pp. 
Explains the principle of operation and 
the advantages of the M-S-A Thermatron, 
a newly improved process control instru- 
ment for continuous measurement of the 
concentration of one gas in multicompo- 
nent mixtures. 

(335) STANDARD DEFINED. American 
Standards Association. New brochure ex- 
plains the nature of standards and describes 
the function of the ASA as the national 
clearinghouse for standardization in the 
United States and as the representative of 
American interests in international stand- 
ards work. 

(336) DIGITAL VOLTMETER. KinTel 
Div., Cohu Electronics, Inc. Data Sheet 
19-27, 2 pp. Contains a quick review of 
the physical and electrical specifications of 
the Model 501 DC Digital Voltmeter Sys- 
tem. Components include the control 
unit, six-window readout, probe, and inter- 
connecting cable. 

(337) SYSTEMS FACILITIES. Mechani- 
cal Div., General Mills. 24-page booklet. 
Delineates the functions of three depart- 
ments within this division, Research, En- 
gineering, and Manufacturing, and shows 
how their combined efforts provide a uni- 
fied facility for military and industrial 
systems production. 

(338) LEVEL GAGES. Jerguson Gage & 
Valve Co. Bulletin No. 338-10/58, 8 pp. 
Provides detailed coverage of a complete 
line of remote-reading liquid-level gages 
for commercial and industrial applications. 
Well-illustrated sections deal with opera- 
tion and application. 





| WHAT’S NEW 


Continued from page 60) 


well-known to each other, and all take 
part in the preparation and presenta- 
tion of proposals. 
¢ Workable and reliable—The sys- 
tem has proved very flexible—though, 
by Hoffman’s own admission, there 
has been only one contract, Tall Tom, 
to go on. Still, Hoffman points out 
that subcontract and contract changes 
have been issued promptly, supports For latest 10 HP. motor 
this by declaring that the preproduc- elatigel Ma -Viikta Gated astcte 
tion prototype specifications—phase cI 
one of Tall Tom—were delivered to specities Elect 
the Air Force right on schedule, and xenon thyratr 
promptly approved. (The firm would 
not say whether or not it is now di- 
recting its eight subcontractors in the 
construction of a prototype system.) 
In keeping with its reluctance to 
say very much about TEAM, Hoff- 
man would not reveal any cost or 
profit figures on its one TEAM con- 
tract, nor give any indication of how 
business has fared as a result of the 
use of the concept. Nor, despite the 
fact that it has only praise for TEAM, 
would it explain why it did not see 
fit to apply the approach to its bigger- 
than-Tall Tom contract, a $33 mil- 
lion TACAN air navigation equip- 
ment job for the Air Materiel Com- 
mand. 
Hoffman is very vocal about this 
new contract, which calls for the hir- 
ing of several hundred additional ‘ pe ; ; 
production and technical personnel. » Vi * | . 
TACAN (tactical air navigation) is a ; y \ . zz : 
short-range (200-mile) radio aid that “~h as i . th, | if 
ives a pilot continuous information 1; — aT S 
aheee ‘aiaiien and distance from a . tr i a \ iin | ‘fr iy . i ‘= 
ground station. A past major supplier ‘ Gd " 2 
of the airborne portion, Hoffman has ee = 
been asked to improve its contribution | 2 
and in addition develop new types of i 
TACAN equipment for use with ad- 
vanced weapons. 
¢A pulse transmitter—The airborne 
part of TACAN is a small, compact 
set about 84 by 11 by 17 in. and 
weighing about 60 Ib. It is actually a 
transmitter and receiver, giving out 
pulses to interrogate a ground station. 
Information is displayed on two indi- ED 
—_ one for distance and the other RONS. {INCORPORAT 
or bearing. = 
The ae Div. has overall 127 Sussex aie 
responsibility for TACAN. N. J. 





IT&T Corp. Consolidates 
Federal T&R, Farnsworth 


International. Telephone & Tele- 
graph Corp. has consolidated two divi- 
sions, Federal Telephone & Radio Co. 
of Clifton, N. J., and Farnsworth 
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BROOKS LEADERSHIP 


AR-MET ROTAMETER 


. .. takes practically all fluids 
off the hard-to-handle list 


POSITIVE INDICATION 
ALL METAL CONSTRUCTION 


THRU-BOLTED DESIGN 


Working with highly pene- 
trable fluids . . . high tempera- 
tures, high 

Brooks Ar-Met Rotameters are 
made to order for you. 

The Brooks Ar-Met Rota- 


meter with Mag/Na/Vue indi- | 


cating extension is shown . . . how- 
ever, Ar-Met meters are also avail- 


able with six other alarm and trans- | 
mission extensions, both electrical | 


and pneumatic. WRITE FOR BULLETIN 130 
BROOKS ROTAMETER COMPANY 


359 E STREET LANSDALE, PENNSYLVANIA 


BROOKS ROTAMETERS 


() 
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| WHAT’S NEW 


Electronics Co. of Fort Wayne, Ind. 
Delbert L. Mills, president of Federal, 
will head up a new single management 
at Clifton, and Vernon L. Haag, vice- 
president of the Farnsworth missile 
test equipment section, will be general 
manager of operations at Fort Wayne. 


Eastern Precision Resistor 
Buys Epsco, Digitronics Lines 


Last Jan. 12, Epsco, Inc., and Digi- 
tronics Corp., an Epsco property, an- 
nounced they had sold their delay line 
business to Eastern Precision Resistor 
Corp. of Brooklyn, N. Y.' The move 
accomplished three things: it permit- 
ted Epsco’s Components Div. to di- 
rect more of its energy toward the 
digital field; it gave Digitronics room 
to expand its commercial data-han- 
dling business; and it provided East- 
ern Precision with the means to di- 
versify and enlarge the scope of its 
operations, which are principally con- 
cerned with wire-wound precision re- 
sistors and resistor assemblies. 


Epsco’s pulse transformer business | 


also went to Eastern Precision. To- 
gether, these lines represented about 
5 percent of Epsco’s business. Their 
sale came shortly after the Compon- 
ents Diy.’s introduction of a new line 
of low-cost, encapsulated, transistor- 


ized digital plug-in circuits to be used | 


as building blocks for equipment and 
system manufacture. This is the line 


that prompted Epsco’s deck-clearing. | 


Digitronics also sold another line, 


its Magnetic Tape Transport Div., to | 


Fairchild Camera & Instrument Corp. 
In Digitronics’ case, too, the lost busi- 
ness represented a small part of its 
operations. 


Consolidated Controls Get 
Subcontract for A-Destroyer 


Consolidated Controls Corp., one 
of the Danbury, Conn., group of con- 
trol companies (CtE, Jan., p. 46), has 
received AEC and General Electric 
contracts totaling about $600,000 for 
the design and manufacture of pri- 
mary plant instrumentation for the 
first nuclear powered Navy destroyer. 
Coming almost on the heels of a 
Westinghouse assignment for reactor 
controls for similarly powered subma- 
rines, the award puts Consolidated 
definitely in the vanguard of compa- 
nies active in nuclear development. 

The propulsion system for the de- 
stroyer and its land proto are be- 
ing designed by the AEC’s Knolls 








electric 
motion 
control 
FACTS 
for 
IDEA 
MEN 


electric clutches actuate 
missile-firing timer 


Here’s an idea for an automatic coupling 


. that may help solve some of your motion 
. control problems. 


-: The trick was to design an air-to-air missile- 
fising timer to fit in the wing of an all-weather 
interceptor, keeping it lightweight, simple, 
and maintenance-free. Clutches would have 
to function at temperatures from —67° F to 


_-+275° F—a 342° spread. 





Eleciric clutch-couplings 


Reduction gears 











The firing sequence timer, powered by a 
0.1 oz in. rated, 12,000 rpm motor, uses 
three separate timing cams driven at dif- 
ferent speeds. Warner stationary-field clutches 
(less than 1” in diameter) provide a simple, 
compact device for coupling the cams to 
their input shafts. This lets the motor and 
input shafts run continuously. Transfer of 
shaft rotation to the timing cams by elec- 
tromagnetic engagement of the armature and 
rotor simplifies the problem of remote control. 

Temperature extremes are no 
problem. Simple design, posi- 
tive no-slip engagement, and 
fast heat dissipation avoid the 
need for special cooling orlubri- § 
cation. Stationary-field design 
and low current actuation rule out arcing at 
cold temperatures or high altitudes. 

Simplicity of electric clutches is a major 
factor in reliability. All wear is on the easy- 
to-replace rotor and armature. No wear ad- 
justments are necessary. Clutches maintain 
precise air gaps and clearances, withstanding 
repeated impacting caused by rotation of the 
carriage and motion of the plane. 


WANT MORE IDEAS? Whether your prob- 
lem is speed control, automatic indexing, 
fast cycling, or tension control, Warner can 
furnish factual case histories showing results 
you can expect from electric brakes and 
clutches. Write today. 

eel 


WARNER | 
Ne | 


Warner Electric Brake & Clutch Co. 
Beloit, Wisconsin 
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WHAT‘S NEW 


Atomic Power Laboratory at Schenec- 
tady, N. Y., operated by GE. 

Besides following through on the 
$800,000 Westinghouse project and 
the AEC-GE one just received, Con- 
solidated is also at work on the instru- 
mentation for a nuclear-powered air- 
craft carrier. 


Convair Instruments Raises 


Status of Missile Parts 


In San Diego, Calif., instruments 
developed for Convair’s gigantic mis- 
sile and aircraft projects are receiving 
recognition as more than simply weap- 
ons-systems components. An organiza- 
tion called Convair Instruments is 
handling these by-products, refining 
them into products in their own right, 
and marketing them. This means that 
“for the first time.” in the words of 
J. V. Naish, president, “Convair has 
an organization to exploit the instru- 
ment by-products that are a natural 
outgrowth of our primary work on 
advanced missile and aircraft systems.” 

In many respects, the new group, 
which started out as Datafax Instru- 
ments in La Jolla, Calif., a few months 
ago, parallels the parent firm’s Hyge 
Machines works at Pomona, Calif., 
manufacturer of shock simulation and 
dynamic loading machines, and such 
general-purpose equipment as rapid- 
acting valves and actuators, and high- 
velocity, high-energy machine tools 
for sheet metal-working, forging, ex- 
truding and impacting. 

The new group conducts its own de- 
velopment work in addition to doing 
weapons-product exploitation, and con- 
centrates activities around three broad 
instrument categories: mechanical, ac- 
and de-current measuring devices, and 
transducers to handle pressure and 
time. Two interesting entries in these 
categories: a liquid gas detector, and 
a de voltmeter capable of measuring 
voltages ranging from a microvolt to 
1,000 volts over nine ranges. 

The liquid gas detector, a small 
electronic probe, inserts in a liquid 
oxygen, helium, hydrogen, or other 
cryogenic materials pipeline, and 
determines whether the material in 
the line is in a liquid or gaseous state. 
It works by measuring resistance 
change in a very fine Reated wire, 
which responds more readily to liquid 
than to gas or vapor. 

The dc voltmeter, completely tran- 
sistorized, employs printed circuitry 
throughout. It is the first in a new 
line of current measuring instruments. 


NOW! A telephone type DC relay 
for industrial application 


Kellogg AK relay 


Highly sensitive: adaptable for marginal operation 
Long coil construction: permits use of high resistance coils 
Low current: operates on as little as .002 amps 


Siow operate (Type AKSO), or siow release 
(Type AKSR) models also available 
Coil Characteristics: 
operating voltage—up to 230 volts D.C. 
single or double wound 
Contact Assembly: 
single or double pile up 
forms A to E 
14 springs maximum in each pile-up 
alternative: single or double microswitch 
standard terminals also available 
Operate and Release Time: 
.002 sec. minimum operate 
-100 sec. maximum operate delay 
.400 sec. maximum release delay 


Weight: 8-12 oz. net (approx.) 


Inquiries are invited. Send for a free catalog 
on relays, components. 


HKEILOGG 


CHICAGO, ILLINOIS 











Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 


Chicago 38, ill. Communications division of 
International Telephone and Telegraph Corporation. 


See the Kellogg—ITT Display at the IRE Show: 
BOOTHS 2510-2625. 
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here is the world’s smallest and simplest 
strip chart recorder! 


rustrak 
recorder +69” 


@ AMPLE STORAGE: Contains 63-ft. chart roll, or 31 days’ recording at one 
inch per hour, Useful chart width 2%.”. 


@ ACCURATE: Galvanometer pointer swings free for maximum accuracy, 
being clamped briefly for marking. 

@ INKLESS: Recording process is completely dry, utilizing special pressure 
sensitive paper. Method provides remarkable definition. 

@ RECTILINEAR: Advanced design provides true rectilinear recording free 
from distortion. 

@ RELIABLE: Positive synchronous motor drive with sprocket engaging 
holes in paper for accurate time indication. 

@ VERSATILE: Portable or panel mounting models. Stocked in a variety of 
scales and chart speeds. 








WHAT’‘’S NEW 


IMPORTANT MOVES 
BY KEY PEOPLE 


John W. Carr Heads 
N. C. Computation Center 


John W. Carr III, a Conrrot En- 
GINEERING author (Jan., Feb., and 
March, 1956), has been appointed 
director of the new Computation Cen- 
ter at the University of North Caro- 
lina, and associate professor of mathe- 
matics there. Carr had been associate 
professor of math at the University of 
Michigan. He is a former president 
of the Association for Computing Ma- 
chinery. 

Heart of the new computation cen- 
ter is a Univac Scientific ERA-1105 
digital computer. It will be located on 
the Chapel Hill campus, but will be 
available to all students of the con- 
solidated university; i.e., those at 
Chapel Hill, at North Carolina State 


College of Agriculture & Engineering 
at Raleigh, and at the Women’s Col- 
lege at Greensboro. 


WRITE TODAY FOR LITERATURE 


rust industrial co., inc. 
130 Silver Street, Manchester, N. H. 
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* Subject to 
change without 
notice. 


Ling Electronics, Calidyne 
Merger Spurs Appointments 


Several top-level appointments have 
been made in the wake of the Ling 
Electronics-Calidyne Co. merger (CtE, 
Nov. ’58, p. 40). Part of a program 
of accelerating engineering and man- 
ufacturing operations and broaden- 
ing sales-service facilities of new Ling 
vibration systems, the appointments 
include: 

James A. Ross, a Ling vice-presi- 
dent, to chief engineer of R&D with 
overall responsibility for engineering 
policy at both the Culver City (Calif. ) 
and Winchester (Mass.) plants; 
Charles Theodore, vice-president in 
charge of sales, to supervisor of Ling 
sales-service groups in the east and 
the west; and Stanley H. Walters, 
formerly with Calidyne, to eastern re- 
gional sales manager. Ralph B. Aus 
trian continues as western regional 
sales manager. 


PHILLIPS SOLENOIDS 


Designed for industrial control 

applications where long life and 
reliability are prime requirements. 
A wide range of types and sizes. 


Top-Level Changes Follow 
General Precision Restructure 


Also generating new appointments 
is the recent change in corporate struc- 
ture at General Precision Equipment 
Corp. (CtE, Oct. 58, p. 46). Top 
subsidiary officers are: 

D. W. Smith, president of Kearfott, 
Inc., named group vice-president in 
charge of three subsidiaries, General 


Manufacturers of Sub-Miniature, telephone, 
power, general purpose relays — solenoids. 


SUBSIDIARY —— SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA 

MONICA + WASHINGTON ~ WINSTON SALEM - CLEVELAND - DALLAS - SEATTLE ~- KANSAS CITY- ST. LOUIS - DETROIT 
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Phillips Control Corporation, Joliet 4, [Ullinois—an avvieD PAPER CORPORATION | 





Precision Laboratory, Inc., Librascope, 
Inc., and his own Kearfott; D. D. Ma- 
son, president of Link Aviation, Inc., 
named group vice-president in charge 
of GPE Controls, Inc., Shand & Jurs 
Co., and Link; J. W. Murray, presi- 
dent of GPL, and L. W. Imm, presi- 
dent of Librascope, named vice-presi- 
dents of the parent company; and R. 
N. Harder, formerly vice-president and 
treasurer of GPEC, named first vice- | 
president and treasurer. 





Cmdr. Hoover Leavers ONR, 
Goes to Benson-Lehner 


George W. Hoover, formerly man- 
ager of aircraft systems in the Air 
Branch of the Office of Naval Re- 
search, has joined Benson-Lehner 
Corp. as director of technical plan- 
ning. It was rumored that once having 
made his intention to leave ONR 
known, Hoover received more than 30 | 
offers of space-research positions from | 
major U.S. firms. His most recent 
project at ONR involved an Army- 
Navy instrumentation program aimed 
at achieving a design for an “‘inte- 2 
grated cockpit”, i.e., one in which all 
controls used by the pilot are literally | 
at his fingertips and the motions he 
makes are natural and comfortable. 
Hoover’s interest in, and contribu- 
tions to space travel were fully ex- 
plored in a Personality sketch about a 
year ago (CtE, April 58, p. 17). 
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DAMPING #ariO 


Fairchild’s Sub-Miniature Rate Gyro Has 
FULLY CONTROLLED DAMPING 


W. A. Liebermann Named 


Chief Engineer of Metrolog 


Metrolog Corp. of Pasadena, Calif., | 
the electronic instrumentation and | 


component subsidiary of Air Logistics 


Corp., has — Walter A. Lieb- | 
engineer. Berlin-edu- 


ermann chie 
cated Liebermann formerly was head 


of electronic power-supply develop- | 


ment at Northam Electronics, Inc. 


Before that he was engaged in elec- | 


tronic research in Argentina. 


Other Important Moves 


Bell Telephone Laboratories has 


elected James B. Fisk president, suc- | 


ceeding Mervin J. Kelly, who becomes 
chairman of the board. Fisk’s suc- 
cessor as executive vice-president, a 
post he held since 1955, is Estill I. 
Green, formerly vice-president for sys- 


tems engineering. Fisk joined Bell | 


Labs in 1939, after doing distinguished 
work in education and industry, both 
in this country and in England. His 
long service with Bell has been punc- 
tuated by appointments to Harvard as 
Gordon McKay professor of physics, 


Only Fairchild’s Rate Gyro—has uniform, constant damping 
for any required percentage of critical within + 15% and over 
the entire operating temperature range of —40° to +200°F. 
This is accomplished by varying the damping area, using the 
damping medium as a sensing device which varies with tem- 
perature changes. 


TAKES 100 g’s OF SHOCK 


Only Fairchild’s Miniature Rate Gyro takes 100 g’s of shock 
and 15 g’s at 2000 cps vibration even at rates as low as 20° 
per second. This high shock resistance is due in part to 
Fairchild’s exclusive design feature which does not require 
the torsion bar to act as a supporting medium. 





OTHER FAIRCHILD OUTSTANDING CHARACTERISTICS 


INPUT RATES +20 to +800 OUTPUT 6 volts, 400 cps, 
(Full Scale) degree/second phase sensitive 
SIZE & WEIGHT 15/16” dia. x 2” long | LINEARITY 0.1% to half scale 
— 2 ounces 3.5% to full scale 
MOTOR 2 or 3 phase; NULL 15 to 40 mv total 
6.3V or 26V AC depending upon 
maximum rate 
and damping. 











WRITE TO DEPT. 22C 


RELIABILITY 
INSIDE 


THE ONTROLS CORPORATION 


BLACK BOX 


and to the AEC as director of the Div. | 


IRGHIL D COMPONENTS DIVISION 


225 Park Avenue 6111 E. Washington Bivd. 
Hicksville, L 1. N.Y. Los Angeles, Cal 
Potentiometers © Gyros * Pressure Transducers * Accelerometers 

— A Subsidiary of Fairchlid Camera Instrument Corp — 
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fttchley 
SERVOVALVES 


FIRST IN 
RELIABILITY 





MODEL 415 


The Model 415 flow rate is 10 GPM for 
1000 psi drop across the valve. Because 
of unique jet construction, particles as 
large as 200 microns can be passed through 
both the first and second stages without 
malfunctioning. 


Other features include: 

Single source of oil in first stage eliminates 
possibility of unbalance or “hardover’”’ sig- 
nals due to oil contamination. 


Second stage precisely controlled by a push- 
pull, frictionless, force feedback servo. 


Other models available in four sizes with 
flows from 4% to 50 GPM. 


For more information, write for Data File 
CE-644-1. 


Raymond fttchley, Inc. 
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| WHAT‘S NEW 


of Research. Kelly, who came to the 
laboratories in 1918, was appointed 
director of research in 1936, execu- 
tive vice-president in 1944, and presi- 
dent in 1951. Green was named to his 
most recent position with Bell Labs in 
1955. All three men are fellows of the 
IRE and are active in other profes- 
sional societies, too. 

Edward Hoffart, formerly chief en- 
ineer of Topp Industries, Inc., has 

n appointed an executive staff engi- 
neer at Hoffman Electronics Corp.’s 
Laboratories Div. 

H. J. Wissemann, assistant vice- 
president of Texas Instruments’ A 
paratus Div., and before that the di- 
vision’s chief engineer in charge of 
design and development, is now its 
general manager. He joined TI in 
1945. 

Tuthill Pump Co.’s new chief en- 
gineer is Emest H. Schanzlin. He 
comes to the Chicago firm from the 
Pesco Products Div. of Borg Warner 
Corp., where he was assistant to the 
director of engineering. He had also 
been chief engineer of Pesco’s Engi- 
neering Dept. 

Ronald Bell has joined Greer Hy- 
draulics, Inc., as senior research physi- 
cist. His area will be servo systems, 
transistorized circuitry, etc. He comes 
to the Jamaica, N. Y., company from 
the Bell System’s Westrex Div. 


Obituaries 


Hans R. Friedrich, assistant chief 
engineer for development at Convair- 
Astronautics. He had been hospital- 
ized since suffering a heart attack in 
November. Friedrich was the subject 
of a Personality sketch about a year 
and a half ago (CtE, Nov. ’57, p. 19). 

Alexander M. MacLennan, 64, who 
recently retired as assistant vice-presi- 
dent for public relations of ITer: of 
a heart attack at Del Ray Beach, Fila. 

Alfred A. Markson, 54, assistant 
vice-president of Hagan Chemicals & 
Controls, Inc.; at his home in Pitts- 
burgh, Pa. 

Charles B. McBride, president and 
chairman of the board of The Thermix 
Corp., Greenwich, Conn., developer 
of aircraft instruments and controls; 
of a heart attack in Amagansett, N. Y. 

Charles S. Redding, 75, chairman 
of the board and former president of 
Leeds & Northrup Co. 

John P. Toner, 46, assistant chief 
engineer in the Arma Div. of Ameri- 
can Bosch Arma Corp., and head of 
the division’s Research Dept.; at his 
home in Halesite, N. Y. 


PL UG-IN INSTRUMENTS, INC. 
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Transistorized 
DELAY RELAYS 
SENSITIVE RELAYS 


| Features you are looking for— 
ae oe nett 

®@ Miniaturized—3" H X 2" WX 2" D 

®@ Mounting—Plug in or solder terminals 

© All electronic except relay 

© Moderate prices 

®@ Output Variations 


@ Reloy: 


d_low 





DPOT or 3 POT 
2AatliSVAC 


a to 5 ma DC 
5000 ohm lood 


® DC Signal: 


DELAY RELAYS 
® Input signals available: 
115 VAC and 28 VDOC 
e Time delays: 
1 to 10 seconds 
5 to 50 seconds 
10 to 100 seconds 
20 to 240 seconds 


® Continuously adjustable 


SENSITIVE RELAYS 
@ Sensitivity: 7 5 va DC 
@ Power Required: 115 VAC 
or 28 VDC 


Write for complete technical 
data and price information. 


Supplies 
Analog and digital devices 





PLUG-IN | NSTRUMENTS. INC 











| ABSTRACTS 


Like an Economics Problem 


From “The Optimum Control» of 

Multi-Actuator Systems” by dan 

McCausland, University of Torogto, 

Ontario, Canada. AIEE Transac+ 

tions Paper No. 59-198, presented 

at the AIEE Winter General Meet- 

ing, New York, N. Y., Feb. 1-6, 

1959. 

The problem of controlling a multi- 
actuator system is somewhat analogous 
to a problem in economics of maxi- 
mizing the “utility” derived from the 
purchase of several commodities. 

Take the simple case of two com- 
modities, x and y. To the consumer, 
the utility of each is a function of the 
amount purchased, and drops off faster 
beyond a certain amount. Curves for 
both these functions can be drawn on 
a three<imensional plot, as in Figure 
1. These curves form boundaries for 





a three-dimensional “utility surface”. 
The height of any point on this sur- 
face represents the total utility con- 
tributed by both x and y. Lines such 
as ab and cd on the utility surface 
represent lines of constant utility and 
are called indifference curves. Vertical 
projections of these curves can be 
plotted directly on the xy plane from 
the known relationship 

dy _ u/dr 


dz Ou/dy 
These projected indifference curves 
can then be used to determine the 
maximum utility of a particular ex- 
penditure. Figure 2 illustrates several 


y Fig.2 














a Complete line of 


D.C. TORQUE MOTORS 


FOR DIRECT DRIVE SERVO APPLICATIONS 


THIS DESIGN TAKES MAXIMUM ADVANTAGE 
OF THE PROPERTIES OF DC CONTROL POWER 
AND PERMANENT MAGNET FIELDS. 


TYPICAL RATINGS 


30"0.D.,6.2” LGTH. 
24"0.0.,5.8" LGTH. 


12.5"0.0.,5.0" LGTH. 


12.5"0.D.,2.8" LGTH. 
10.5"0.D.,2.7" LGTH. 


6.3"0.0., 1.3" LGTH. 
5.2"0.D., 1.3" LGTH. 
4.0"0.D., 1.1" LGTH. 
2.9"0.D.,1.0" LGTH. 


2.9"0.D., .62” LGTH. 
1.9"0.D., .50” LGTH. 


(ZERO SPEED WATTS INPUT) # 
Matching Rotary Amplifiers Also Available 
For further information and Catalog write to: 


INLAND MOTOR CORPORATION 


MANUFACTURERS OF ELECTRICAL MACHINERY 
18 WALTER STREET 
PEARL RIVER . NEW YORK 


“See us at 1.R.E. Show Booth No. M-11.” 
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New EDIN B-SERIES 


OF -Teiiifoteig-tolame-Vaelolihic-ia— 


EDIN has met these specs —ARE THEY YOURS? 
@ GAIN: to 100,000 @ STABILITY: Down to 
10 wv equivalent input drift/hr. ¢ FREQUENCY 
RESPONSE: DC to 1500 cps 1% @ INPUT 
IMPEDANCE: 2 megohms, for use with wide 
variety of transducers @ REJECTION RATIOS: 
Better than 20,000 to | @ CALIBRATION: In- 
ternal @ PACKAGING: Standard 19” rack- 
panel or portable case 


A DIVISION OF EPSCO, INCORPORATED « 588 Commonwealth Avenue, Boston 15, Mass. 
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Edin’s new line of maximum stability os- 
cillograph amplifiers provides precise am- 
plification of signals over an extremely 
wide measurement-level spectrum. 

Whether you want to measure a brain- 
wave or the crushing force of a 20-ton 
press. . . the efficiency parameters of 
an air gage or a welding machine, one of 
the B-Series special purpose amplifiers 
will handle the job to perfection. 

Write now for complete technical data 
on the entire line of Edin Oscillograph 
Recording Instrumentation. 





PREVENT. 


wet gas 
problems 


at low cost 
with PRITCHARD 


"Packaged AYDRYER 


Dries gas or compressed air to 
prevent equipment shutdown, ice 


formation and line blockage. Operates | 


continuously at full line pressure. 
Reduces dew points as low as —100°F. 
Factory-fabricated and shipped 
ready for hook-up. Saves cost of 
expensive field fabrication and custom 
engineering. Sizes to 50,000 scfm. 


FREE BULLETIN —Gives application de- 
tails, selection tables. Write for copy 


g.F. Pritchard « co. 
OF CALIFORNIA 
Dept. 128, 4625 Roanoke Parkway, Kansas City 12, Mo. 
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indifference curves in the vy plane. 
The line LM shows how much x and y 
can be purchased with a particular 
fixed expenditure. At some point, such 
as O, this line is tangent to one of the 
indifference curves. This point repre- 
sents maximum utility, since any other 
point on the line is on a curve of 
lower utility. 

A two-actuator control problem can 
be handled in much the same way. In- 
stead of commodities, however, x and 
y now represent inputs or effort re- 
quired of each actuator to produce a 
desired output. Also, the concept of 
“penalty” replaces that of “utility”; 
i.e., as effort increases, the “penalty” 
or cost of this effort also increases. 
Unlike the  utility- vs. - commodity 
curves, however, the penalty-vs.-effort 
curves have an increasing rather than 
decreasing incremental change as they 
get further from the origin. Indiffer- 
ence curves of penalty then are con- 
cave to the origin, as shown in Figure 
3. Since effort input can be in either 


Indifference curves 
(constont penalty) 





Fig.3 





direction these curves can be plotted 
in all four quadrants. 

Output or total effort delivered is 
like the available expenditure in the 
economics problem above. All can be 
derived from either input or some 
from each. The line LM again shows 
the possible combinations of inputs x 
and y. In this case, too, point O repre- 
sents the most desirable combination, 
for here the line is tangent to a mini- 
mum penalty indifference curve. At 
any other point, line LM intersects a 
line of higher penalty. 

Applying this theory to an actual 
control system requires the assumption 
that all inputs are at very low fre- 
quency. Transfer functions of the ac- 
tuators are based on steady-state con- 
ditions and are determined by varying 
one input while the other is at zero. 

Physical realization also requires the 
use of a function generator whose in- 
puts are the significant variables and 
whose output is the penalty. With 





this information, the controller can 
seek a point of minimum penalty by 
making necessary changes in the vari- 
ables or actuator inputs. 

Single-variable regulators and two- 
input-two-output regulators can also 
be designed to take advantage of this 
technique. 

One of the more interesting appli- 
cations, and one in which power econ- 
omy is a most important considera- 
tion, would be a five-stand tandem 
cold-rolling mill for steel strip. If, in 
this case,. thickness is controlled by 
adjusting roll separation of stand 1 
and torque of the motor at stand 5, 
and, at the same time, the tension of 
the strip between stands 4 and 5 is 
held within limits, the penalty func- 
tion used must depend on these 
variables plus the desired output thick- 
ness. The controller for such a sys- 
tem could be developed for the most 
part from suitable analog computer 
components. Digital equipment and 
sample-data techniques could also be 
used. These woukd compute penalty 
function values at selected points in 
the region of operation and make logi- 
cal decisions as to the best course. 


Temperature Measurement 


From “A Cooled-Gas Pyrometer for 
Use in High-Temperature Gas 
Streams” by L. N. Krause, R. C. 


Johnson, and G. E. Glawe, all of | 


the Lewis Research Center, Cleve- 


land, Ohio. Technical Note 4383 of | 


the National Advisory Committee 
for Aeronautics (now National Aero- 
nautics € Space Administration), 
Washington, D. C., September, 
1958. 


Selection of thermocouples for 
measuring temperature in high-velocity 
gas streams often demands a compro- 
mise between accuracy and structural 
considerations. At higher temperatures 
the difficulties become even more pro- 
nounced, often exceeding the limits of 
thermocouple design. 

Two of the more recent develop- 
ments in this area are the pneumatic 
probe and the cooled-tube pyrometer. 
A third instrument, and the subject of 
this paper, is the cooled-gas pyrometer. 
This device involves the controlled 
cooling of the gas before taking a tem- 
perature measurement with a thermo- 
couple. Drawing the hot gas through | 
a tube with cooled walls provides this | 
controlled cooling. Loss in energy of 
gas is reflected by a drop in gas tem- 
perature. This temperature drop de- | 
pends on: flow within the tube, gas | 
properties, tube geometry, and tube 
wall temperature. 





If the temperature | 


the mighty 
little glaswitch’ 


LIGHTNING RESPONSE . . . SEALED IN GLASS 


The magnetically actuated reeds in this tiny Revere 
GLASWITCH make contact in just 1 millisecond . . . at 
rates up to 400 cycles per second. Hermetically sealed in 
an inert, dry atmosphere, with lightning fast snap action, 
both shelf and contact life are extremely long. Smaller 


than a cigarette, the GLASWITCH can be located any- 


where .. . in any position . . . even in explosive atmos- 
pheres . . . individually or in multiples for multi-contact use. 

Whenever you need faster, more positive response . . . 
where extreme sensitivity is a must . . . where light weight 
is important . . . investigate the Revere GLASWITCH. Write 
today for complete specifications. 


CHARACTERISTICS: 


Type—Single pole single throw—normally open—snap action 
Enclosure—Hermetically sealed glass tube containing inert 
dry atmosphere 
Operating Time—1 millisecond 
Operating Rate—Up to 400 cycles per second 
Contact Surfaces—Electroplated Rhodium 
Contact Resistance (measured terminal-to-terminal) 
Closed Circuit—0.050 ohms maximum 
Open Circuvit—500,000 megohms minimum 
Contact Ratings 
DC—Up to 1 ampere 
AC—Up to 25 watts depending on applicat 
Reliability and Life 
No Load — Billions of operations 
Rated Loads — No failures to open or close in 
first 100,000 cycles 





| Ambient Temperature Range: —320°F to +300°F 


REVERE CORPORATION OF 


Wallingford, Connecticut 


A SUBSIDIARY OF NEPTUNE METER COMPANY 
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METHODS OF 
ACTUATION: 


A moving permanent 
magnet or controlled ex- 
ternal electromagnetic 
field are all you need 
- and the sky's the 
limit on imagination! 


AMERICA 


1959 





@ SPECTROL PRECISION MECHANISMS 
7 . 


Black Boxes, 
Dry Powder, and 
Missile Making 


fk takes a lot of black boxes plus a good 
bit of dry powder to launch an occasional | 
missile down at Cape Canaveral. Some of 
the black boxes contain Spectrol precision 





mechanisms, inline or otherwise, designed 
to control critical flight functions. 


You may be interested in one of these units | 
that we recently delivered to the missile 
people which has a number of industrial | 
control applications outside this rather 
esoteric field. Known as a Function Pro- 
grammer, this particular 3 x 4 x 5 inch | 
package is used for the flight control of | 
guided missiles. Inside the Spectrol black 
box is a precision mechanism consisting es- 
sentially of a permanent magnet dc motor 
which drives a Spectrol precision potenti- 
ometer and six rotary switches of special 
design developed by Spectrol. These units 
are interconnected by an appropriate gear 
train. In operation, the precise opening and 
closing of the rotary switches and the ro- 
tation of the Spectrol precision potentiom- 
eter control the flight altitude of the missile 
with respect to time. 


As you can well imagine, devices of this 
type must be built to operate within pre- 
cise specifications under severe environ- 
mental conditions. In addition to the usual 
MIL specs, this unit was built to withstand 
a 2000 cps vibration at 10 G's and a shock 
of 50 G's. The Spectrol precision mechan- 
ism not only operates after experiencing 
these conditions, but during them. Overall 
program timing accuracy is 3 percent. 


Other applications for this little Spectrol 
package include checking a number func- 
tions sequentially in ground support equip- 
ment, programming machine tools, and 
controlling the order of operation in chem- 
ical and processing plants. 


To accommodate the numerous count- 
downs involved in missile testing, this 
Spectrol precision mechanism runs twice 
as fast in the “reset” position as the “pro- 
gram” position. 

More information, including a helpful 8 
page booklet, on this and other Spectrol 
precision mechanisms designed for use as 
functional sub-assemblies is yours for the 
asking. Simply call your nearest Spectrol 
sales engineering representative or address 
Department 083. 


4 


*SPECTROL 


ELECTRONICS CORPORATION 


Sales engineering representatives in principal cities. 





1704 S. DEL MAR AVE., SAN GABRIEL, CALIFORNIA 
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drop can be calculated and the tem- 
perature of the cooled gas measured, 
total temperature of the free-stream 
gas can be determined. 

Physically, the new pyrometer con- 
sists of three concentric tubes, the 
largest tube having an outside diam- 
eter of 4 in. Hot gases pass through a 
4-in. tube in the center. Inlet water 
flows in the inner annulus and in op- 
posite direction to the gas flow. Outlet 
water is parallel to the gas flow. 


Pneumatic Computing 


From “Universal Pneumatic Multi- 
plication-Division Unit and a De- 
vice for Automatic Square-Rooting” 
by Yu I. Ivlichev and E. M. Nadz- 
haroz. An article in the Soviet 
journal Avtomatika i Telemek- 
hanika, Vol. 19, No. 11, 1958, pp. 
997-1009. Translated and abstracted 
by Peter N. Budzilovich of McGraw- 
Hill's Technical Writing Service. 


This paper describes and analyzes 
the performance of two pneumatic de- 
vices developed at the Pneumo-Hydro- 
Automatics Laboratory of the Insti- 
tute of Automatics & Telemechanics 
at the Academy of Science in the 
US.S.R. 

The first of these, a pneumatic mul- 
tiplying-dividing unit, provides an out- 
put equal to the product of two vari- 
ables divided by a third. This cari be 
expressed in the form of a simple 
equation: ps = Pp; P2/Ps, where p, is 
the output pressure and p* p, and pa, 
are input pressures. All are expressed 
in pounds per square inch gage and 
can range in value from 0 to 1 atmos- 
phere. 

If certain of the input pressures re- 
main constant, a variety of operations 
can be performed. These include: 
multiplying, dividing, inverting, squar- 
ing, combining some of these, and 
wide-range amplification of one input. 

Following a qualitative description 
of the unit, the authors review its 
static characteristics, possible errors in 
its static analysis, and discuss its dy- 
namic performance. 

The square-rooting device consists 
basically of the same multiplying- 
dividing unit, with feedback added to 
insure that p, equals p,. The equation 
above then becomes p,’ = p,p, or ps 
= PP» 

In analyzing the performance of this 
unit, the authors follow the same pro- 
cedure as above; i.e., provide a qualita- 
tive description and review its static 
and dynamic characteristics. Graphs 
and tables illustrate their experimental 
results. 

—Peter N. Budzilovich 
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than 3600 rpm while de- 

ng full rated torque. Con- 

ous duty rating at all speeds. 
LATIN - “Both line and load 

wlation is better than \% of 
HORSEPOWER . Vorious models 
from % hp’ down to 1/200 hp. 


_. Motors of Y% hp and larger’ are 


totally enclosed. 
° 


REMOTE CONTROL A _ 10-turn 
potentiometer provides precise ad- 
jvstment at any convenient loca- 
tion, 


GEARED MOTORS Motors ore 
available with integro! gear re- 
ducers. 


BRAKING-REVERSING 
trolled braking and 
models available. 


‘MAINTENANCE Fully encapsulated 
‘construction results in long service 
life. Plug-in construction requires 
only a screwdriver for servicing. 


OTHER MODELS Servo-Tek man- 
vfactures drives with silicon recti- 
fiers and djustable autot 

formers, as well as other thyratron 


Relay-con- 
reversing 





' drives with less exacting specifica- 


tions. Write for information in- 
cluding details of your proposed 
use. 
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Control Applications Stressed 


Orpinary DIFFERENTIAL Egua- 

tions. Wilfred Kaplan, Dept. of 

Mathematics, University of Michi- 

gan. 534 pp. Published by Addison- 

Wesley Publishing Co., Inc., Read- 

ing, Mass. $8.50. 

Essentially a text for an undergradu- 
ate course in differential equations, 
this book definitely has been written 
with the interests of the would-be 
control engineer in mind. And recog- 
nizing its emphasis, the publishers 
have made the book part of their new 
series in systems engineering. 

The author rigorously covers all the 
topics usually included in an intro- 
ductory course. To illustrate the the- 
ory and provide a better understand- 
ing of mathematics as a tool, he 
relates the equations to thei~ applica- 
tions in physics and engineering, vad 
ting particular emphasis on applica- 
tions in the field of systems analysis. 

Here is an excellent starting point 
for studying the more advanced books 
on feedback control systems. 


Emphasis on Systems 


Dynamic BEHAVIOR OF THE PRo- 

DUCTION Process . . . Process Dy- 

namics. Donald P. Campbell, late 

consulting engineer. 316 pp. John 

Wiley & Sons, Inc., New York, 

1958. $10.50. 

For the first time in a book, a sys- 
tematic attempt has been made to de- 
fine dynamically certain of the process 
operations. For the most part, these 
operations are of interest to the chemi- 
cal process engineer. The chapter titles 
are enough to whet the curiosity: ki- 
nematics of material handling; fluids in 
motion; forming, propulsion, and guid- 
ance; thermal process dynamics; mass 
transfer dynamics; and chemical proc- 
ess dynamics. 

Unfortunately, the curiosity may 
not be satisfied in the reading. Al- 
though many things make the work 
unique and valuable, one of them is 
not that process engineers will be aided 
directly by use of the book’s contents. 
Dynamic analysis is formidable; so 
much so, that the cases considered are 
of rather ideal nature. Process design, 
by empirical and semitheoretical meth- 
ods, has advanced plant equipment far 
beyond the rudiments used here. 

Nonetheless, the book is a note- 
worthy forward step in showing engi- 
neers that optimum plant design is 
not just a question of hooking together 
so many unit operations with so many 


Now you can read shaft 
nositions to one second of arc 


directly...with the Gurley 


W.&L.E.GURLEY - TROY, NEW YORK 


WRITE FOR BULLETIN-UC 
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Kodak 


Test: 

in progress 
Readout: 
instantaneous 


Immediately evaluate your test results, using new, 
extra-thin Kodak Linagraph Direct Print Paper in suitable 
moving-mirror galvanometer oscillographs. 

No wet processing! Records can be read as they're being made. 


| And you get sharp, legible traces to 30,000 i.p.s. 


| 


New Kodak Linagraph Direct Print Paper on extra-thin 
base provides extra footage for longer runs. 
Sizes on request. For complete details, write to: 


EASTMAN KODAK COMPANY 
Photo Recording Methods Division 
Rochester 4, N. Y. 
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You get more than ‘hardware’ 
when you buy from Bowmar 


The big plus factor in all Bowmar de- 
signed components and assemblies is 
RELIABILITY. You can’t hear it, touch it 
or see it. . . but it’s there, your Bowmar 
insurance policy against performance 
mediocrity or failure. 


When your project calls for precision 
counting or indicating devices . . . preci- 
sion gearheads or speed reducers .. . 
precision electromechanical assemblies, 
Bowmar is the firm most experienced and 
best equipped to design and produce them 
for you. 

Bowmar has the facilities and know how 
to manufacture these devices in quantities 
from single prototypes to thousands .. . 
all to your most demanding performance 
requirements, 


PRECISION 
COUNTING 
DEVICES 





PRECISION 
GEARHEADS 
AND SPEED 
REDUCERS 





PRECISION 
SERVO 
PACKAGES 


SEND NOW FOR BOWMAR HANDBOOK 358 





“Lowmar 


REPRESENTATIVES IN PRINCIPAL U. S. AND CANADIAN CITIES 
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TabrATELEDYNE 


BONDED STRAIN GAGE construc- 
tion makes the Teledyne practically 
insensitive to vibration or shock, 
Measures gaseous or liquid pressures, 
Handles highly corrosive media includ- 
ing fuming NITRIC ACID. Easily dis- 
assembled for clean out and replace- 
ment of parts. Repeatability 0.1%, 


em: oe me = nae Sod ~All acca 


Linearity 0.25%, Hysteresis 0.5%, 
Ambient Temperature -65° to +250° 
F. (18° to’ 121° C) 1 Millisecond 
Response, Eleven Pressure Ranges 
0-100 up to 0-10,000 PSIG. The 
‘Teledyne can be used with Taber 
Indicator shown above or with stand- 
ard make recorders and controllers. 


Write for Literature 


{Ps TABER INSTRUMENT CORPORATION 
(Oo © Section 77 107 Goundry St., N. Tonawanda, N. Y. 


Telephone: LUdlow 8900 ° 


= 


TWX-TON 277 
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feet of pipe. It is a strong signal of an 
outlook that may become increasingly 
significant as companies look for 
tighter design to help them remain 
economically competitive in the fast- 
moving chemical process industries. 

The book, then, will perhaps find 
shelf space, but in the library of the 
control engineer rather than the proc- 
ess engineer. The processing problems 
are familiar and basic, but the analytic 
technique is sophisticated. The reader 
should be facile with the mathematical 
tools of partial differential equations 
and the yr ed transformation. He 
should at least have had time to study 
the author’s earlier book on feedback 
control (Principles of Servomechan- 
isms, co-authored by G. S. Brown). 
A knowledge of the nature of proces- 
sing problems is not required because 
such explanation, when needed, has 
been included. (Two brief appendices 
jog memories on the use of block and 
signal flow diagrams and the Laplace 
transformation. ) 

Typical of the treatment, the unit 
operation of continuous binary distil- 
lation is found in the chapter on mass 
transfer dynamics. In this section, the 
reader is oriented to the problem by 
means of a nonmathematical explana- 
tion of what happens during distilla- 
tion in a hypothetical column. The 
text considers material movement, 
hydrodynamics, and heat transfer. The 
orientation is followed by the theory 
of distillation material separation, in- 
cluding an explanation of the McCabe- 
Thiele diagram. This latter design 
tool readily lends itself to transition to 
a single plate dynamic study. Differen- 
tial material-balance equations are 
written and linearized to find time 
constants. Block and signal flow dia- 
grams for a plate are then con- 
structed, as are signal flow diagrams 
for several complete columns. A sum- 
mary warns the reader that many bar- 
riers block solution of more compli- 
cated cases, cites some of them specifi- 
cally—e.g., computational problems. 

Campbell (who died in 1957) con- 
tributed most, in this work, to the con- 
cept of a quantitative process physics 
for the entire plant that may make 
possible better performance at lower 
investment. By selecting particular op- 
erations and defining the dynamic 
problems—first qualitatively, then em- 
pirically and theoretically, and finally 
analytically—he threw a searchlight 
on a vast frontier of new design tech- 
niques. One does not turn from the 
book feeling that all is solved, but 
rather that much fruitful advance may 
be based upon these first probes. 








MEETINGS 


MARCH 


Western Joint Computer Conference, 
Theme: New Horizons with Com- 
puter Technology, Fairmont Hotel, 
San Francisco March 3-5 


Instrument Society of America, Ninth 
Annual Iron & Steel Conference, 
Theme: Instrumentation in the Iron 
and Steel Industry, Pittsburgh 

March 11-12 


American Institute of Chemical Engi- 
neers, National Meeting, Session 
on Computing Control (March 17), 
Chalfonte-Haddon Hall Hotel, At- 
lantic City March 16-18 


Institute of Radio Engineers, 1959 
National Convention and Exposi- 
tion, ‘Waldorf-Astoria Hotel and 
New York Coliseum, New York 

March 23-26 


American Society of Mechanical En- 
gineers, IRD Conference, sponsored 
by AIEE, IRE, ISA, and AIChE, 
Case Institute, Cleveland 

March 29-April 2 


2lst American Power Conference, 
sponsored by Illinois Tech, Hotel 
Sherman, Chicago March 31-April 2 


APRIL 


International Atomic Exposition and 
Nuclear Congress, Public Auditor- 
ium, Cleveland April 5-10 


Instrument Society of America, Sec- 
ond National Symposium on Chem- 
ical and Petroleum Instrumentation, 
St. Louis April 6-7 


American Institute of Mining & 
Metallurgical Engineers, 42nd Na- 
tional Open Hearth Steel Confer- 
ence and Blast Furnace, Coke 
Ovens and Raw Materials Confer- 
ence, Jefferson Hotel, St. Louis 

April 6-8 


American Society of Mechanical En- 
gineers, Hydraulic Div. Conference, 
University of Michigan, Ann Arbor 

April 13-15 


Conference on Industrial Instrumen- 
tation & Control, sponsored by Ar- 
mour Research Foundation, Illinois 
Tech campus April 14-15 


Instrument Society of America, Oak 
Ridge Section, Fifth Annual South- 
eastern Regional ISA Conference 
and Exhibit, Gatlinburg, Tenn. 

April 20-22 





Simplest Approach to Automatic Control ! 





SANDERS MODEL SV-219 
Flow Range: 0-8.5 gpm 

Supply Pressure: 200-5000 psi 
Size: 5%” x 14%.” x 3” 

Weight: Approx. 3.6 Ibs. 


MODEL SV-324 


Flow Range: 0-45 gpm 


Su 


Pressure: 200-3000 psi 


pply 
Size: 8%" x 3%," x 5” 


Weight: Approx. 7.5 Ibs. 


SANDERS MODEL SV-522 


Flow Range: 0-200 gpm 
Supply Pressure: 500-3000 
Size: 154” x 62" x 4% 
Weight: Approx. 35 Ibs. 
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SANDERS 
ELECTRO-HYDRAULIC SERVO VALVES 
. +» flow ranges for all industrial requirements 


Reliability-proved in industrial and military applications, Sanders 
BOOTSTRAP(T) Servo Valves simplify control systems by convert- 
ing low electrical input into powerful hydraulic thrust. Available 
flow ranges, up to 200 gpm at1000psiAP, have been found ideal for 
controlling machine tools, structural testers, process control equip- 
ment and construction machinery. 


Based on the “Bootstrap” two-stage, internal force feedback princi- 
pal, versatile Sanders Servo Valves give you these advantages: 
@ High Internal Stiffness of Control 
High Frequency Response 
High Resolution and Low Threshold 
Large-Area Internal Pilot Filters 
Large Orifices and Nozzles 


Get all the facts! Call on Sanders experience in developing and 
manufacturing complete electro-hydraulic control systems and major 
components. Our application engineers can provide unusual and 
effective solutions to your control problems. Write for specifications, 
prices and delivery schedules on Sanders Servo Valves. 


Visit Booth 3842, ILR.E. Show 
A sanoens ASSOCIATES, ine. 
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WHAT’S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make — Digital 
important reference-type editorial material available to puters 


. . A comprehensive picture of the 
Controu ENGINEERING readers in convenient filable form. basic principles involved in today's 
Some reprints are individual articles, while others are “pack- chines, tnoteding apecite intorma- 
ages” —several articles published over a period of time that and arithmetic notions... the cir- 
logically supplement one another in the coverage of a specific tions are physically realized. - 


" esc ons of the major unite of 
phase of the control field. Any reprint can be obtained at | Severin, feDrenentative. ‘ma. 
the nominal cost listed below by filling in the order form and | ——“sq_—Ghtet,"“compoting Lab. 


sending it, together with remittance, to Readers Service war G 440° pp. 202 











round. 

, ‘ illus., $12.00 
Dept. Quantity rates will be quoted on request. 
Switching 
Ready Reference Data Files—II, 24 pp. examines the types of tie motors that can eH WITH COMPUTER 
Includes the second dozen data files os be used in the light of the application Circuits vs taaamtc ace 
lished in Control Engineering. Add it characteristics, and considers the special This practical aid applies switch- 
to Ready Reference Data Files—I to keep _— circuit designs that are required. 30 hide ies Wee oe 
your personal file up to date. Topics cov- cents. help of these switching-circult de- 
ered range from analyzing hydraulic servos Applying Phase-Plane Techniques to canter ake in ehectzente 
gushleally to using silicon diodes as pro- Nonlinear System Design, 16 Ris This pe RR oe 
tective devices. 50 cents. series of three articles is designed to teach has been previously possible. Gives 


Fundamentals of Tie-Motor Control, 12 the use of phase-plane techniques to work- ie oe 8 


. Although high-powered chro-tie ing system designers, on a practical rather Humphrey, Jr., 
aes aes teen aanal for os time, then theoretical basis. It tells how to = Fe agg a min an” 
only recently has enough experience been —_—_ construct a phase-plane plot, how to in- | 
logged to put their design on a scientific, terpret a plot in terms of system _per- . 
rather than cut-and-try, basis. This reprint formance, and how to synthesize nonlinear | Electrical 


Continued on Page 192 | Measurement Analysis 


Fully explains the concepts and 
techniques you need to approach 
poe te A ae a ee problems 
* analytically—to ormulate methods 
Reprint Order Form and instrumentation to meet the 
conditions of the most difficult 


























oe ‘ % : | problems. Covers statistics and 
Reprint Unit price No ordered Subtotal errors, null and deflection methods 


of measurement, bridge analysis, 
i” meter movements, and 
Ready Reference Data File—II $0.50 = et oe 
Fundamentals of Tie-Motor Control $0.30 oe Engg, George Washing- 
How to Use Phase Plane Techniques $0.40 : $8.75 tated e 
Economics in Control $0.50 
Electronic Process Control Systems $0.40 , : 
Report on Russian Control $0.40 < Bog — Mechanical 
Calculating a Control Index $0.30 ? 
Servo Design Techniques $0.65 Engineers’ Handbook 
Flowmeters $0.50 ae HG 

Applying Control Timers $0.50 me specialists answer your 
Control System Reliability $0.20 praction, ote. They cover “overt 


Point-to-Point Positioning Systems—I, II & III.. $1.50 pg Ca Me ie, Tn 
Ready Reference Data File—I $0.50 sign of buildings to hoisting and 


surveying. This edition is up-dated 
Servo Modulators $0.65 in all respects—treats nuclear 


The Uses of Digital Computers $3.00 peta Oy yg 
Analysis Instrumentation—II $0.60 of Specialists. Editor, T. ‘Baumels- 
Analysis Instrumentation—I $0.60 over 2000 Hluse $28.50 ~ 
Basic Data on Process Control $0.50 

How to Simulate Dead Time $0.15 


Power Amplifiers $0.50 SEE THESE BOOKS 10 DAYS FREE 
Static Switching Devices $0.50 -—— a 
Automatic Logging Systems $0.50 McGRAW-HILL BOOK CO., Inc., 

Automatic Machining—A View and a Preview... $0.50 eb ths 2 5. Feats 


Send me book(s) checked below for 10 d 
A Systems Analysis Predicts Performance $0.50 ination on approval. 























8 paid. (We pay 
delivery costs if you remit with this coupon—sam 
| return privilege. ) 





: OC Smith—Eleo, Digital Computers, $12.00 
Reader Service Dept., Contro: ENGINEERING C Humphrey—Switehing Circuits, $8.50 
330 W. 42 2... New York 36, N. Y. ©) Frank—Elec. Measurement Analysis, $8.75 
O Baumeister—Mech. Engrs. Hdbk., $23.50 


(PRINT) 
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BOE vinin.s ess onic 


Zone. State 


For price and terms outside U. 8. 
write McGraw-Hill Int’L, N.Y.C. 














CONTROL ENGINEERING 





SMASH THE “DESIGN BARRIER” 
AND STILL LOWER YOUR 
FINISHED PRODUCT COST! 


Since the basic relay and its many contact RBM 
forms, ratings, and terminal variations are regular ; 98008 

production items at RBM, design bottlenecks SERIES 
can be shattered. RBM has “‘CUSTOMERIZED” these relays ' 7 

to fulfill almost every conceivable requirement. 

This vast background of application engineering can 
serve you with design shortcuts . . . lower your “finished 

product” cost. Ask your RBM product application engineer. 


MANY ARE OTHER FEATURES 


L/STED BY U/L \ 
FILE NOS. € 12/39 OR E2238 <=> ® MAX. COIL VOLTAGE 





PRESSFIT PILE-UP © MAX.COIL RES. 

ELIMINATES DRIFT, /N OHMS 
TC gee e MAX.CO/L WATTS 9.OVA INRUSH 
OR VOLT AMPs. 6.5 VASEALED 


DEPENDABLE CROSS-BAR © MAX. CONTACT FORM 2POT IS AMPS 
CONTACTS AVAILABLE WITH RATED CURRENT 
FoR Low VOLTAGE AND/oR pe VAC — 

AT 32V.OCORNS VAC | 6 oor 3 pups 


ow CURRENT CIRCUITS 
(WON-INDUCTIVE LOAD ) 


FRAME AND ARMATURE Bh ® APPROX. WEIGHT 4/ OZ. 


ASSEMBLY PROV/DES 
EFFICIENT, POSITIVE 








ALSO AVAILABLE (N 97000 SERIES 
PROVIDING ADDITIONAL COIL 
POWER... GREATER SENSITIVITY 





2/ RBM Product Application Engineer or Write For Bulletin 1060 


RBM RBM 


Oro} ot ob ao) t_me Db tet _ bled eo! 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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NEW AGASTAT’ 


HAS LONGER OPERATING LIFE 


The Agastat time/delay/relay has been completely re-designed, 
inside and out, to make every moving part last longer and oper- 
ate more reliably. Here are some other important advantages: 
@ Dial adjustment for ease and accuracy 
@ Five timing ranges, covering an overall range of 
from 0.08 seconds to 15 minutes 
i intervals remain the same through re- 
Guo Cie Aamateh Utne “4 pan A mon Mn ay . 
at Booth 2244 integral wiring diagram and calibration plate 
at the 1.R.E. Show. Measures only 4-9/16 x 2-9/16 x 2-5/8” 
All contacts are flexible contacts 
@ Contacts are larger for fast heat dissipation 


Write for details and application engineer- 
ing assistance to Dept. A32-320 
Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 
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COMPUTER ENGINEERS 


Positions are open for computer engineers cap- 
able of making significant contributions to ad- 
vanced computer technology. These positions 
are in our new Research Center at Newport 
Beach, California, overlooking the harbor and 
the Pacific Ocean—an ideal place to live. These 
are career opportunities for qualified engineers 
in an intellectual environment as stimulating 
as the physical surroundings are ideal. Quali- 
fied applicants are invited to send resumes, or 
inquiries, to Mr. L. R. Stapel, Aeronutronic 
Systems, Inc., Box NF 486, Newport Beach, 
California. 


Positions Open: 
Systems Engineers 
Logical Designers 
Magnetic Memory 

Engineers 
Communications Engi- 
neers 
Digital Computer 
Programmers 
Circuit Engineers 
Mechanical Engineers 


AERONUTRONIC 
a subsidiary of Ford Motor Company 
NEWPORT BEACH © GLENDALE © SANTA ANA © MAYWOOD, CALIFORNIA 


HHS 


CONTROL ENGINEERING 


Areas of Interest: 


Computers & 

@ Data Processors 
Storage Units 
Memory Systems 
Flight Data Entry 
Digital Circuit Design 
Advanced High Speed 
Computer System 
Display Devices 
Computer Components 
Solid State Devices 
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systems using phase-plane techniques. 40 
cents. 

Economics in Control, December 1958, 
24 pp. A special report covering the eco- 
nomic aspects of modernizing with control 
systems. It starts off with a guide to the 
financial factors of modernization, then 
tells the control engineer how to spot 
opportunities where the addition of in- 
strumentation and control equipment will 
earn money, and concludes with nine case 
histories showing specific benefits of mod- 
ernizing with control systems. 50 cents. 

First-Hand Report on Control Inside 
Russia, November 1958, 16 pp. A team of 
14 U.S. control engineers representing the 
American Automatic Control] Council re- 
ports on the status of automatic control 
in Russia. Each tt gives impressions of 
progress in his field of interest based on 
visits to Russian user plants and research 
facilities. 40 cents. 

Electronic Process Control Systems, No- 
vember 1958, 16 pp. A staff report on the 
hottest area in materials processing con- 
trol. Besides giving complete data on the 
six commercially available electronic proc- 
ess control systems (four of them were first 
announced at the 1958 ISA show), the 
article discusses the common denominators 
of all such systems and points out why 
user, consultant, and maker are interested 
in electronics. 40 cents. 

How to Calculate a Control Earning In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in- 
struments and controls, and reports on ex- 
perience in applying this method to three 
typical industrial processes. 30 cents. 

Servo Design Techniques, 32 pp. A re- 
print of six related articles describing vari- 
ous electromechanical servo design tech- 
niques. Items include tachometer limiting, 
force-reflecting servos, calculating perform- 
ance of drag-cup tachs, dual-mode servo 
compensation, applying packaged servo ac- 
tuators, and cascading resolvers without 
amplifiers. 65 cents. 

What’s Available in Flowmeters, 24 pp. 
A comprehensive coverage of positive dis- 
placement, velocity, and mass flowmeters, 
including characteristics, applications, and 
typical manufacturers; plus details of a 
special drag disc meter. 50 cents. 

Selecting and Applying Control Timers, 
24 PP. A compilation of four articles 
including a tabular description of timer 
functional parts, criteria for selecting and 
applying control timers, a tabular fisting 
of available timer types and their charac- 
teristics, and techniques for custom-design- 
ing controls for time-based routines. 50 
cents. 

What the Control Engineer Should 
Know About Reliability, April 1958, 8 pp. 
Not intended as a pos treatise, 
but rather as a guide to aim the control 
engineer in the right direction, this staff- 
written article discusses the new concept 
of systems effectiveness, and briefly covers 
techniques for measuring reliability, pre- 
dicting reliability, improving reliability, 
and costing reliability. Up to date refer- 





ence sources are listed. 20 cents. 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems, 72 pp. This 
complete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
are discussed. Individual parts of series are 
also available as listed below. $1.50. 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—III, March 
1958, 16 pp. Includes detailed descrip- 
tions of nine machine tool control sys- 
tems. 40 cents. 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—II, Febru- 
ary 1958, 24 pp. Includes detailed de- 
scriptions of ten machine tool control sys- 
tems. 50 cents. 

Ready Reference Data Files—I, 24 pp. A 
must for every control engineer’s library. 
Includes the first 12 data files published 
in Controt ENGINEERING—a diversity of 
topics, from system reliability through the 
cost of industrial temperature-measuring 
systems. Each one gives a method of solv- 
ing a particular problem. 50 cents. 

Servo Modulators—Their Application, 
Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators. 
Le pes circuit diagrams, characteristics, 
and applications are given for each type, 
plus an 84-item bibliography and tables 
listing commercial units. 65 cents. 

The Use of Digital Computers in Sci- 
ence, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a period of two years as the Digital 
Application Series. Prominent authorities 
cover the application, programming, over- 
all system design, and commercial avail- 
ability of digital computers in all phases 
of business, industry, and the military. $3. 

Analysis Instrumentation — II — Refrac- 
tometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in- 
cludes the second group of four articles 
of the Analysis Series. 60 cents. 

Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. Reprint consists 
of first 4 articles of Analysis Instrumenta- 
tion Series: a general introduction and 
detailed discussions of the three analysis 
techniques. Emphasis is on basic princi- 
ples, practical tips, and the use of these 
techniques in automatic process control. 
60 cents. 

Basic Data on Process Control, 24 pp. 
A grouping of five articles on flow-process 
control, including: Basic Concepts of Feed- 
back Control, Selecting Loops for Critical 
Control, Direct or Reverse Controller 
Actions, Modifying Valve Characteristics 
to Fit the Process, and Using Capacitance 
for Accurate Level Measurement. Prac- 
tical information for every process control 
engineer. 50 cents. 

How to Simulate Dead Time, 6 pp. 
Three tricky techniques for simulating 
dead time or transport lag. One’s elec- 
tronic, another is pneumatic-mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con- 
cerned with process simulation. 15 cents. 

Transistor and Thyratron Power Ampli- 
fiers, 28 pp. These three articles—one on 


Continued on Page 195 





There's a lead-lag network 
in this SIZE 11 Frame! 


EAD’s 
Inertially 
Damped 
a7') 
Motors eenmcunanes 


{7 
One compact unit—EAD’s ZAI —SEAne 


high performance _ servo- REAR SHAFT 
motor and an inertial dam- P| EXTENSION 
Zg 
ger, orks coerten 7 \ re 
damper means: maximum CZ. PERMANENT MAGNET 
velocity constants; excelient ON LOW FRICTION 
damping; line frequency in- SEARINGS 
sensitivity; no wiring or pick- 
up tee ee s; eS - TYPICAL PARAMETERS 
residual noise; non-critica FF 
adjustments and no loss in Model No. SD1HLX7-2CC 
shaft output. Meets signifi- 
cant military specs. Operates Size BU ORD Size 11 
to 150° C. Supplied in sizes Frequency 400 cps 
10 and 15 as well. 
Also available—Viscous Motor Power 3.5 Metts. 
Damped Servomotors. phase 
Write for complete data. 











Stall Torque 0.63 oz. tn, 

No Load Speed 6300 <pm 
Magnet Damping 100 dyne-cm-sec. 
Corner Freq., cps {,=0.3, f9=1.6, 
fg=16 














. 375 CENTRAL AVENUE 
VICES, inc. DOVER, NEW HAMPSHIRE 
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POST DECITRON 
ELECTRONIC PRODUCTS 


Now ... low cost... 
accurate “batch” counting 
for small products. 


The PORTABLE FCB-1 


The Post FCB-1 is a sorting and counting device which incorporates a Syntron 
vibrator with a Decitron Preset Counter. Model illustrated utilizes a P2 counter, 
capable of ‘batch’ counting small objects in any quantity from 1 to 100. 

Very small products can be neatly separated on the special conveyor belt... 
individually counted . . . dropped into a ‘hold’ tray and when the desired count 
is reached, the entire batch is fed into a waiting box, bag or other container. 
This latest Post development will feed 300 to 1000 pieces per minute and is 
portable! Size: only 53” long, 18” high, 12” wide. Cost as shown, $3500. 

Post will be glad to furnish quotations for models capable of counting larger 
batches. 


POST ELECTRONICS 


Division of Post Machinery Co | 165 Elliott St., Beverly, Mass 
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engineers and scientists 


IMMEDIATE NEW OPENINGS 


in world wide reactor programs 


Atomics International is rapidly expanding its atomic power reactor program in both 
the United States and overseas. 


This expansion has created the following career opportunities at Al’s headquarters in 
Canoga Park, California: 





ENGINEERING ANALYSIS 





Reactor Engineering. Analysis and design of over-all power reactor systems and components. Prefer 
power reactor background in engineering design and analysis. Experience in reactor safeguard 
analysis also valuable. 


Core Analysis. Complete nuclear analysis to include criticality, flux distribution, and reactivity 
requirements. Fuel cycle economics and optimization. 


Shielding. Analysis and design of biological and thermal shielding of large stationary power plants. 
Advanced studies and methods analysis for compact and mobile power plants. 


Heat Transfer and Fluid Flow. Steady state and transient experimentation and analysis. Power 
optimization studies; free and forced convection flow transients; boiling and two phase flow in 
water, organic and liquid metal systems. 


Structures. Transient and steady state stress analysis of reactor components subjected to mechanical 
loads, thermal cycling, and thermal shock. Advanced analytical studies in thermal stress fatigue, 
elastic and inelastic behavior of plates and shells, structural dynamics, and electronic analogue 
and digital computer application. 








FUEL ELEMENT DEVELOPMENT 





Fuel Materials. Senior Physical Metallurgists and Chemists for research and development of reac- 


tor fuels. Research in gas-metal systems, emphasis on structural, phase equilibria, and material 
properties. 


Alloy development of fuel and cladding materials for operation in power reactors up to temperatures 
of 1200°F and higher. 


Study radiation effects, over-all evaluation of uranium and alloys and ceramics. 


Fuel Fabrication. Senior Metallurgical, Mechanical and Chemical Engineers for fabrication develop- 
ment of materials and elements. Includes both rod-type and plate-type elements and complex assem- 
blies. Development of non-destructive tests for these elements. 


Irradiation Experiments and Hot Lab Evaluation. Senior Physicists, Chemists and Engineers to 
develop and conduct irradiation experiments to establish the behavior of fuel materials and proto- 
type fuel elements under conditions of temperature and radiation anticipated in full scale power 


reactors. Also Senior personnel to develop techniques and equipment for the post-irradiation testing 
and evaluation of these experiments. 





Write today for more details about exciting career opportunities at A.I. 


Mr. G. C. Newton, Personnel Office, Atomics International 
21600 Vanowen Street, Canoga Park, California 
(In the suburban San Fernando Valley, near Los Angeles) 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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PUNCHED TAPE 
BLOCK READER 


dor tala Ee % 


A versatile input device for 
numerically controlled systems 


Tape: Standard 1 inch 5 or 8 
holes, paper or Mylar. 
Capacity: 12, 16 or 20 lines per read- 
ing (96, 128 or 160 bits). 
Speed: Up to 10 frames pe second. 
Output: Triple wire brush contacts, 
rated at 50V and 50mA non- 
inductive. 
Performance: Tested for 500,000 readings 
without error 


Price: $1200. (12-line reader). 


y; ) Q 
Whang lhc thi Tne. 


37 HURLEY STREET 
CAMBRIDGE 41, MASSACHUSETTS 
TELEPHONE UNiversity 4-8380 
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transistors and two on thyratrons—were 
prompted by the increasing control a 
— of transistors as low-power ampli- 
ers and thyratrons as high-power ampli- 
fiers. In each case the emphasis is on 
practical application, circuit design, system 
stabilization, etc. 50 cents. 

Static Switching Devices—New Tools 
for Industrial Control, May 1957, 28 pp. 
An independent consultant analyzes the 
complete field of industrial static-switch- 
ing systems. Starting off with a review of 
basic switching logic, he covers circuit 
characteristics of the fundamental devices, 
commercially-available systems, actual ap- 
plications, etc. 50 cents. 

A Functional Analysis of Automatic 
Logging Systems, February 1956, 16 pp. 
An examination of the various techniques 
and equipment used in performing the 
eight functions in a generalized automatic 
logging system: transducing, scale-factor 
correction and linearizing, derivation of 
quantities, scanning, analog-to-digital con 
version, programming and control, alarm, 


| and recording or logging. 50 cents. 


Automatic Machining—A View and a 
Preview, 24 pp. A quick look at some of 
the newer Kale that are being used 
to control machine tools. It deals primar- 
ily with recorded-information (numerical) 
control, discussing ways to automatically 
furnish machining instructions, ways to 
drive the tool, or workpiece, and ways to 
measure position and size. 50 cents. 








BENDIX SR RACK 
AND PANEL CONNECTOR 


with outstanding resistance 
to vibration 


The Bendix type SR rack and panel electrical connector 
provides exceptional resistance to vibration. The low 
engagement force gives it a decided advantage over 


existing connectors of this type. 





Adding to the efficiency of this rack and panel con- 
nector is the performance-proven Bendix “‘clip-type” 


closed entry socket. Insert patterns are available to 
mate with existing equipment in the field. 
Available in general duty, pressurized or potted 
types, each with temperature range of —67°F to +257°F. 
Here, indeed, is another outstanding Bendix product 


that should be your first choice in rack and panel 


connectors. 


SIDNEY, NEW YORK 





Resilient Insert « 
Engagement Forces + Closed Entry Sockets + Positive 
Contact Alignment Contacts—heavily gold plated 
Cadmium Plate—clear irridite finish + Easily Pres- 
surized to latest MIL Specifications, 


The Systems Approach To 


POWER CONVERSION 


The 60 to 400 cycle frequency changing motor 
generator set and complete controls are 
mounted together on the skid base. This 
smaller type cubical tai all Y 
meters, laced and channeled circuitry, motor 
starter with stop and start push buttons and 
a Kato static REGOCITER combination voltage 
regulator and static exciter. Keto Magtrol 
static regulators are manufactured for use 
with brushless AC generators which must have 
rotating exciters. 
Investigate Kato’s complete line—60 and 400 
cycle generators—various speeds—brushless 
or slip ring types—motor gen- 
erators for all power converting 
needs—complete line of controls 
for all rotating electrical mo- 
chinery. 
Now Kato’s complete tine of gener- 
= & also available in brushtess 
esign. 


WRITE FOR DETAILS — 


KATO fepincering Gmpany 


1482 FIRST AVE., MANKATO, MINNESOTA 
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FEATURES: 


Solid Shell Construction « Low 


SCINTILLA DIVISION [marta 


i Sales and Service: Bendix international Div., 205 E. 42nd St., New York 17, N. Y. 


anadian Affiliates: Aviation Electric Ltd., 200 Laurentien Bivd., Montreal 9, 
Factory Branch Offices: Burbank, Calif.; Orlando, Florida; Chicago, lilinois; Teaneck, New Jersey; 
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Datias, Texas; Seattle, Washi ; Washington, D, C, 
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YOUR FUTURE IS GREAT IN A GROWING AMERICA 


ELECTRONICS 


Electronics is one of our fastest growing indus- 
tries. By 1965 there will be thousands of new 
needs and new jobs. 


CHEMICALS 


Today there are more than 800,000 workers in 
chemicals and related industries. By 1970, there 
will be twice as many! 


iy 5 aa 5. 


TRANSPORTATION 
Our growing population demands constantly 
increasing mobility. Result: thousands of new 
opportunities, new jobs in the coming Jet Age. 


NUCLEAR ENERGY 
Nuclear energy is now supplying power for 
ships and electric plants. Future possibilities 
are virtually unlimited. 


COMMUNICATIONS 
As our nation grows, the demands made upon 
communications grow proportionately. Thou- 
sands more needs, more jobs. 


FOODS 
The trend is to labor-saving, ready-to-eat pack- 
aged foods. This new phase of an old industry 
will need thousands more workers. 


7 BIG REASONS FOR CONFIDENCE IN AMERICA’S FUTURE 


1. MORE PEOPLE— Four million babies year- 
ly. U. S. population has doubled in last 50 
years! And our prosperity curve has always 
followed our population curve. 


2. MORE JoBsS—Though employment in 
some areas has fallen off, there are 15 million 
more jobs than in 1939—and there will be 
22 million more in 1975 than today. 


3. MORE INCOME —Family income after 
taxes is at an all-time high of $5300—is ex- 
pected to pass $7000 by 1975. 


4. MORE PRODUCTION—U. S. production 
doubles every 20 years. We will require mil- 
lions more people to make, sell and distribute 
our products. 


5. MORE SAVINGS—Individual savings are 
at highest level ever— $340 billion—a record 
amount that is now available for spending. 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERING 


6. MORE RESEARCH — $/0 billion spent each 
year will pay off in more jobs, better living, 
whole new industries. 


7. MORE NEEDS—In the next few years we 
will need more than $500 billion worth of 
schools, highways, homes, durable equip- 
ment. Meeting these needs will create new 
opportunities for everyone. 


* * * 


Add them up and you have the makings 
of another big upswing. Wise planners, 
builders and buyers will act now to get 
ready for it. 


HEALTH 
Ever-increasing opportunities in research, de- 
velopment and production. In the field of 
antibiotics 50% more workers will be required. 


EDUCATION 
The giant school-building program now begin- 
ning will offer new jobs to many thousands of 
construction workers. 


CONSTRUCTION 


3 million workers will benefit from new high- 
way and construction programs—and even 
more workers will be needed soon. 


MARKETING 


Marketing includes sales, consumer research, 
product and package design, advertising and 
public relations. All need new skills every year 
—and many thousands of new workers! 


FREE! Send for this new illustrated booklet, “Your Great 


Future in a Growing America.’ 


Drop a postcard to: ADVER- 


TISING COUNCIL, Box 10, Midtown Station, New York 18, N.Y. 




















CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES” 
DISPLAYED RATE 
Lg Sreritings Ppecring. $19.10 per inch fer 
UNDISPLAYED RATE 
(Not available for equipment advertising) 
$1.80 per line, minimum 3 lines. Te figure 


vance payment count 5 average 
te a line. 








Position Vacant 
Positions Wanted 
Part Time Work 


DISPLAYED 


Using 

Contract rates ‘quoted on request. 
An advertising inch is d %” ically on 
column—3 columns—3 


0 inches to a page. 
Subject to Agency Commission. 





Send NEW ADS to Classified Adverticing Div. of CONTR 
‘or April issue c 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—exeou- 
tive, management, technical, selling, office, skilled, manual, eto. 

Civil Service Opportunities 

Selling Opportunities Wanted 

Selling Opportunities Offered 


= RATES--—— 
The advertising rate is $21.80 per inch for all adver- 
on other than a comtract basis. 


Empleyment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 

$1.80 per line, minimum 3 lines. To figure advance 
payment count 5 average words as a ee 

Box Numbers—counts as | line. 


Discount of 10% if full payment is made in advance 
for 4 consecutive insertions. 


Not subject to Agency Commission. 


t Emaincenine, P. 0. Box 12, N. Y. 36, N.Y. 
ing March 3rd 








PLOTTER 


Automatic, iy iF yoy input, connects d 
- yg | Punch, TELEPLOTTER, 
;- 5% Keyboard. Ex- 


r] fere.. 
oalten t condition. Reasonabl 


EDWARD GROTHUS, 


Box 795, los Alamos, New Mexico 











NEW PRODUCTS WANTED 


Recently organized instrument corporation in Texas 
is seeking new product aoe with potential in the 
petroleum and chemical industries. We prefer 
te manufacture patented products under license but 
would consider outright purchase. Send nothing of 
a confidential nature, 


BO-9729, Control Engineering 
520 N. Michigan Ave., Chicago 11, Ill. 





ELECTRONIC ENGINEER 


MSEE or BSEE, with 2-3 years experience 
in instrumentation and control design or 
related fields. To work in group developing 
measurement and control devices for steel 
industry processes. Location in modern lab- 
oratory in suburban Pittsburgh. Send resume 


to 
J. A. Hill 
Research & Development Department 
JONES & LAUGHLIN STEEL CORPORATION 
233 Gateway Center 
Pittsburgh 30, Pennsylvania 

















PROFESSIONAL SERVICES 


@ Instrumentation 
© Testing © Control Systems 
© Management © Design 
© Economic Studies © Patents 











TRANSDUCER 
ENGINEER 


Outstanding opportunity for M.E. or E.E. 
with good development background in 
pressure and position transducers. 5 figure 
opening. Military electro-mechanical in- 
strument design experience helpful. Please 
write in confidence to Employment, Con- 
trol Components Division. 


INTERNATIONAL 

RESISTANCE CO. 

401 N. Broad St. 
Phila., 8, Pa. 








SVERDRUP & PARCEL, INC. 


Engineers—Architects 
Compechentive Os Control Engineering Services 
Systems analysis and design of — controls 
and instrumentation for atomic energy . . chemi - 

cal plants . 


ustries 
915 Olive Street 


ELECTRICAL ENGINEER 


og eee in circuit —_ > for — 
and f 





etic am iifiers, transducers, on. 
versity degree essenti 
PAUL E. GERST & CO. 
4868 No. Clark St. Chicago, Ill. 


pong 
Basic 

















FOR ADDITIONAL INFORMATION 
About Classified Advertising 


Contact The McGraw-Hill Office 
Nearest You 
garners 


ATLANTA 3 
30 


wo 
D. M. 
Los ANGELES, 17 
1125 W. 6 St. 
H Untley 2-5450 
P. M. BUTTS 
NEW XOaK. ve 
500 Fifth 


entre & 
“BUCHANAN 
R: P: AWLESS 
oeenaninaienen. 3 
Six Ay Center Plaza 
$Oouet 8-4330 
Ee McCLURE 
. BOZARTH 


o- 
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on yh Ss. 8 
3615 Olive St 
JEfferson 


SAN FRANCISCO, 4 
68 Post 


DOugias 2-4600 
R. C. ALCORN 


"O2< 


ADDRESS BOX NO. REPLIES TO: Bow No. 


Classified Adv. Div. of ag publication. 
Send to office nearest » 
NEW YORK 386: Pp. "0. BOX 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Post 8t. 





models. 








POSITIONS VACANT 





Instrument Engineer for expanding Middle 


Atlantic States paper mill. 


Electrical back 


ground desirable, minimum three years’ indus- 
trial experience and college degree required. 
Excellent opportunity for top-flight engineer. 
Replies will be treated confidentially. P-9950, 


Control Engineering. 





Instrument Design Engineer. Chal 
portunity for Electro-Mechanical Desi 
gineer with 5 to 10 years exp. 
instrument work such 


chlorination equip., 


lenging op- 
En- 
in analytical 
as pH, gas chroma- 
tography, infrared analyzer, colorimeters or 
Must be able to layout, 


design and package prototype and production 


Send resume to Milton Roy 


13800 E. Mermaid Lane, 


Penna. 


Co., 
Philadelphia 18, 





Se box number when answering adver- 
isements. It. is the omy way we can 

identity the advertiser to whom you are 
ting. 





GROWTH 
OPPORTUNITIES 


© Hydraulic Design 
and Development 
Engineers 


© Project Engineers 


A fast-growing division of a major cor- 
poration has several high-level openings 
in the New England-New York area for 
outstanding hydraulic engineers. These 
are permanent positions involving work 
on both missile systems and commercial 
applications. They offer unusual oppor- 
tunities for personal advancement and 
prof | recognition. Salary levels 
are attractive and are reviewed peri- 
odically. 





HYDRAULIC 


CIRCUIT DESIGNER 


- + + to design and develop electro-h 
hydraulic circuits and systems for missile 
ground- on and 

tation applications. 





SERVO SPECIALIST— 
PROJECT ENGINEER 


. to design and develop electro-hy- 
draulic mechanical systems that will solve 
complex problems in power regulations 
and control. 


HYDRAULIC VALVES— 
PROJECT ENGINEERS 


. to supervise design and conte 
whole new series ad we leak. Ps 
pressure — sliding- aa type 
critical applications. 


~ 4, or 


All of the above positions require a Me- 
chanical Engineering degree or equivalent. 
Applicants must have a record of proven 
performance in their specialty. 


Our employees are aware of this 
advertisement. 


Please send complete resume, 
salary requirements, to: 


including 


P-9832, Control Engineering 
Class. Adv. Div., P.O. Box 12, 
N. Y. 36, N. ¥. 
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EMPLOYMENT OPPORTUNITIES 


CAREER OPPORTUNITIES Opportunities ot 


With a company making premium grade Esso Research & 
electronic equipment for aircraft for over . . 
30 years. Located in the beautiful lake Engineering Company 
region of Northern New Jersey, less than Chief Technical Afili 

35 miles from New York City. Standard Oil Company 
(New Jersey) 











¢ Transistor Circuit Engineer 


Tacan Engineers INSTRUMENT 

Receiver Engi 

Toanaastlid Wijlaceie ENGINEERS 
(VHF & UHF Frequencies) EE, ME or ChE (8S, MS, PhD) 


Navigation Equipment Application of instrumentation 
Engineers and automation techniques to all 


Antenna Design Engineer phases of petroleum industry op- 


eration. Opportunity for travel as 


Technical Writers consultants on new techniques 
Test Lab Engineers and equipment application. Ex- 


perience in instrumentation field 
Enjoy the plea f worki labo sequieed. 
njoy sure of working in a new laboratory a 7 
in a anume whose cts are known as the Give full details of education, ex- 


highest quality in the industry. perience, desired salary and refer- 
ences. All inquiries will be con- 


sidered promptly and _ held 
Write or call collect: Personnel Manager confidential. 


AIRCRAFT RADIO CORPORATION Address replies to: 


Boonton, N. J. DE 4-1800-Ext. 238 ESSO RESEARCH 
AND ENGINEERING COMPANY 


ESSO RESEARCH CENTER 


Employee Relations—W 
P.O. Box 175 
Linden, New Jersey 
































PROFESSIONAL PERSONNEL REQUISITION 




















Jet Engine Controls Engineer | STAFFING NEW LABORATORY 


Urgentiy need electronic engineers and mathe- 
ss ‘ . a | maticians with digatal computor experience. * 
Experienced in pneumatic, hydraulic, or electro-mechan- 500 ples. Also 4 young aerodynamics rapid ex- 
ical controls; including servo mechanisms, mechanical ea ee eee 


computers, and actuators. Requires ability to develop MONARCH PERSONNEL 


appropriate testing criteria and ability to supervise © 5. Re meee 4. Htaehe, 


fabrication and test operations for fuel metering devices, 
inlet diffusers, fuel injection nozzles and control sensors. 








YOUR ORGANIZATION 
Is it complete? 


New IBM digital computer, large custom designed ana- Are re nding it? 
log computer, and full facilities of the Marquardt Jet Making Replacements? 
Laboratory are available to the project group. For \ 

further information contact: 


Will work with a small group of highly specialized ram- 
jet controls and fuel systems engineers in a creative 
engineering environment. 


Naturally, you are anxious to secure 
the most suitable man or men available. 
Floyd &. Nergles, Manager, Professional Personnel You want men with the special training 


16557 Saticoy Street, Van teak, California , that will make them an asset to your 
organization. You can contact such 


# men through an advertisement in the 
Employment Opportunities Section of 
RD Advanced power and weapons support faraua rdf CONTROL ENGINEERING. 


systems for air and space 
VAN NUYS AND POMONA, CALIFORNIA » OGDEN, UTAH ff AIRCRAFT CO. Classified Advertising Division 
CONTROL ENGINEERING 


P. O. Box 12, New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


It's great to be proud of 
the place you work 


A MAN misses a lot if his job means only a pay- 
check. He ought to be excited about the work he’s 
doing. He ought to feel proud of his company — 
of its past achievements, its current projects, its 
future. 

That’s the way our engineers and scientists feel 
at Autonetics. They’re young men. Most of them 
got their BS since 1948. In ten memorable years 
they have made their company a leader in elec- 
tronics and electromechanics. 

Today there is room for engineers and scien- 
tists who want to share the unusual creative prob- 
lems that lie ahead—in inertial navigation, dig- 
ital computers, armament control, flight control, 
and a host of special military and commercial 
products. 

If you’d like to join Autonetics, please send 
your resume to Mr. H. C. Benning, 9150 East 
Imperial Highway, Downey, California. 


Autonetics @) 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


Downey, Callfornio 


Among the achievements of Autonetics’ young men: the first 
successful airborne all-inertial navigation system first navi 
gation system accurate enough to guide the USS Nautilus and 
Skate on their historic voyages beneath Arctic ice first 
successful automatic star tracking by an inertial navigation 
system during daylight flight first completely maneuver 
able, inertially stabilized gyro platform first successful 
completely automatic landing system for supersonic missiles 
Flaleme-ligeig- ba‘ first transistorized portable digital computer 
with “‘big computer’ capabilities 
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NEW PRECISION VARIABLE RESISTOR 


...with no sliding wiper by 


Super reliability 
is inherent 
through unique 
manufacturing 


techniques 


These Rotary 

Metallic Film Potentiometers 
are the perfection of years 

of research and development 


FEATURES: 


Complete Hermetic Seal 
Infinite Resolution 

High Temperature Operation 
Long Life 

Low Torque 

Exceptionally High Accuracy 


Extremely Low Noise 


A patented compression contact eliminates the wear or friction 
Just off the 


“ by u: jiper ¢ ts. A precic *tal capsule contac 
press—new caused by usual wiper contacts A precious metal capsule cont ct 
brochure giving provides dependable long life operation. The deposited metal film 
com prehensive resistance element is encased and hermetically sealed. The ultimate 


test data. 

Your copy will 
be sent upon 
request. 


in craftsmanship is employed in the manufacture to produce a 
potentiometer unparalleled for performance. This new concept of 
design makes possible super reliability under the most severe 


environmental conditions such as those encountered in airborne, 
missile and satellite applications. 


TECHNOLOGY INSTRUMENT CORPORATION 


569 Main St., Acton, Mass. 
COlonial 3-7711 


P. O. Box 3941, No. Hollywood, Calif. 
POplar 5-8620 
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MY HOUSEMAID’S ELBOW 
IS GONE... GONE... GONE 


My title was ‘‘Process Operator.” Really I was just a 
cleaning lady for a roomful of blocked-up flowmeters. Took 
half my time taking them apart and putting them together 
again and the other half cleaning them out. I tried everything 
... bottle brushes, live steam, chinese backscratchers, aqua 
regia. The last straw was the plumbers’ helper my wife gave 
me for my birthday. 


I was all set to turn in my wrenches and plunger when a 
new kind of meter came in from Fischer & Porter. They call 
it a Magnetic Flowmeter. I stuck my hand in to see what new 
obstruction they’d dreamed up for me. But my hand went 
clean through and out the other end! I couldn’t believe it. 


NOW I believe it all right. Everything is changed. No 
more bottle brushes . . . no wrenches . . . no plumbers’ helper. 
Nothing but a lot of grey boxes. NOW I know all about F&P 
Magnetic Flowmeters. And I can tell you that if you’re tired 
of breaking lines to clean out meters, you can throw your apron 
away! Get the facts on a man’s flowmeter. Write for Catalog 
10D1416, Fischer & Porter Company, 739 County Line 
Road, Hatboro, Pa. In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, Toronto, Ontario. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 





